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It is a recognized fact that accurate Bottom Hole Pressure ‘ 
records are the most practical method of determining the . 
productivity index of a single flowing well or of an oil field. t 
(Some states require this method of potential determina- f 
tion.) Through the use of Subsurface Recording Instru- Oe 
ments tests can be exactly duplicated a month or a year I 
later. Basic information obtained by the use of HUMBLE Es 
TYPE subsurface Recording and Sampling instruments will h 
assist in determining: ae 

Estimate of oil reserves. Presence and movement of gas 

cap. Amount of fluid to be lifted. Minimum flowing pres- 


sures. Specific productivity factor. Density of fluid 
column. Static fluid and oil levels. Gas-oil ratios, etc. 


11/4," O.D. SUBSURFACE PRESSURE GAUGES—maxi- 
mum recorder and clock recorder types. HIGH PRESSURE 
SUBSURFACE SAMPLER and the SUBSURFACE RE- 
CORDING THERMOMETER—all Humble Types, are 
manufactured, sold, and serviced exclusively by E. L. I. 

All three instruments are sufficiently rugged to withstand 

the abuse of oil field use, and are not effected by the 


action of corrosive acids. Trained personnel not neces- 
sary to operate these instruments. 


The gauges measure pressures to an accuracy of 0.5% , 
and with special precautions to an accuracy of 0.25%. | 
Will measure pressures to 8,000 lbs., per sq. inch or 
higher. 
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World Wide Experience. 
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Now - - 


A complete exposition of the little-understood principles of sedimentation 


Geologists will welcome this book which treats sedimentation from the standpoint of 
environmental factors that have a major influence on production, transportation, deposi- 
tion, and subsequent modification of sediments. 


PRINCIPLES OF SEDIMENTATION 
By W. H. Twenuoret, Professor of Geology, University of Wisconsin, 
610 pages, illustrated—$6.00 


Fifteen chapters give sources of sediments; the various methods by which sediments 
are transported from sources to site of deposition ; the various products which result from 
operation of sedimentary processes; and the various structures which arise as a conse- 


quence of deposition. 
May Be Ordered From 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 


For modern viewpoints 
on the centre of the earth 


See this authoritative review of theory and experiment by nine prominent 
geophysicists, thoroughly summarizing the important work of the past 
fifteen years. 


INTERNAL CONSTITUTION OF 
THE EARTH 


A Physics of the Earth Monograph, prepared under the 

auspices of the National Research Council, Washington, 
a Edited by Beno Gutenberg 

Professor of Geophysics, California Institute of Technology 


413 pages, 634 x 93%, $5.00 


These specialized treatises thoroughly review recent research and the 
present status of our knowledge of the interior of the earth. They 
discuss the elastic properties of the earth’s crust and its relation to 
the interior, the various hypotheses of the development of the crust and 
their implications, evidence of the interior of the earth derived from 
seismic sources and from deep-focus earthquakes. Practical Geologists 
will find this a valuable and useful volume. 


May Be Ordered From 
The American Association of Petroleum Geologists 
Box 979, Tulsa, Oklahoma 
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An A.A.P.G. Book of Oil-Field Structure 
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The Industry 


Geology of 
Natural Gas 


Edited by HENRY A. LEY 


Here for the first time has been assembled a comprehensive geologic 
treatise of the occurrence of natural gas on the North American Continent. 


@ 1227 pages, including a carefully prepared index of 77 pages 


@ 250 excellent illustrations, including Maps, Sections, Charts, 
Tables, Photographs 


@ Bound in Blue Cloth. 6 x 9 x 2 inches 
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Reduced illustration showing natural gas regions in United States 


“There is scarcely any important fact relative to North American Bas, be it, Stratigraphical, 
structural, or statistical, that cannot be readily obtained from the volume.’’—Romanes in 
Jour. Inst. Petrol. Tech. (London). 


Price, postpaid, only $4.50 to paid-up members and associates, $6.00 to others 


- The American Association of Petroleum Geologists 
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For many years Dowell chemical treat- 
ments have been increasing output of 
wells producing from limestones and 
sandy limes. Now Dowell announces 
companion  service—ACIDIZING 
SAND WELLS—Actual field results 
have already proven its success. A new 
acid has been developed for this pur- 
pose—Dowell Mud Acid—which opens 
a new era in the progress of acidizing. 


Mud acid actually dissolves bentonitic 
type muds. The action is not merely 
disintegration, but truly the taking of 
materials into solution. Dowell Mud 


Acid is INHIBITED, has surface ten- 


FOR THE NEW MUD ACID TREATMENT 


sions comparable to oil, and does not 
form emulsions with crude oil. 


Mud Acid is used in sand wells to re- 
move mud, cement and scale from face 
of pay and from screens and liners. 
Mud and silt are removed from the for- 
mation itself. Thus, cleaning of the 
formation, screens and liners assures 
the operator increased production. 


More than 100 strictly sand wells on 
the Texas-Louisiana Gulf Coast have 
been treated successfully. Outstanding 
results on newly completed wells, work- 
over jobs, old wells and problem wells 
have become routine news. 


Well location in Southern Louisiana where Dowell Mud Acid 
is being used to bring in a newly completed sand producer. 


DOWELL INCORPORATED 


Executive Office: Midland, Michigan 
General Office: KENNEDY BLDG., TULSA, OKLAHOMA 
Subsidiary of The Dow Chemical Company 


OIL AND GAS WELL CHEMICAL SERVICE 
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RADIOACTIVITY OF SEDIMENTARY ROCKS AND 
ASSOCIATED PETROLEUM! 


K. G. BELL,2 CLARK GOODMAN; anp W. L. WHITEHEAD® 
Cambridge, Massachusetts 


ABSTRACT 


Determinations of the radioactivity of 21 sedimentary rocks and 7 associated crude 
oils have been made by the precision method developed by R. D. Evans. The speci- 
mens consisted of cuttings and cores from wells in the Bartlesville, Cromwell, Frio, 
Woodbine, and Viola-Simpson formations. Considerable variability in radioactivity 
was found in the sandstones (1.4 to 0.19107” gms. Ra/gm.) and limestones (1.3 to 
0.18X 10-” gms. Ra/gm.). The radium content of limestones decreases with increasing 
purity. The shales were uniform (1.2 to 1.0X 10- gms. Ra/gm.). Apparently, discrete 
mineral particles in sandstone and impurities in limestone account for their occasional 
high radioactivity. The radon content of the crude oils (0.47 to 0.05 X 10” curies/gm. 
of oil) was in one sample 38 times, and averaged 10 times, the amount in equilibrium 
with the radium present. The results corroborate the inferences of former investigators 
that radon tends to concentrate in crude oils. Maximum radon content and maximum 
ratio of radon to radium were found in petroleum produced from a permeable, Oligocene 
(Frio) sandstone of high radioactivity. Cracking of hydrocarbons with generation of 
hydrogen has been proved by S. C. Lind to result from bombardment with alpha 
rays. The amounts of radioactivity found in these crude oils are quantitatively sufficient 
to cause appreciable cracking by alpha radiation during geologic time. These reactions, 
together with subsequent hydrogenation, may account for important changes in 
petroleum. This hypothesis would also explain the presence of hydrogen in some natural 
gases. The hydrogen content of soil gases is suggested as a possible method of geo- 
chemical prospecting for oil fields. 


INTRODUCTION 


In recent years the great interest in the radioactivity of the ma- 
terials of the earth’s crust has been expressed chiefly by research on 
the radioactive properties of igneous and volcanic rocks. Some de- 
terminations of the radioactivity of sediments have been made; but, 


1 Presented in abstract before the joint session of the Society of Economic Geolo- 
gists and the Geological Society of America, Minneapolis meeting, December 29, 1939. 
Manuscript received, April 5, 1940. 


2 Present address: United States Gypsum Company, 300 West Adams Street, Chi- 
cago, Illinois, Analytical work by Mr. Bell was done under the codperative direction of 
Dr. Goodman of the radioactivity laboratory of the department of physics and Dr. 
Whitehead, of the department of geology, Massachusetts Institute of Technology. 


3 Massachusetts Institute of Technology. 
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except in the latest work on unconsolidated materials done by 
methods of the highest accuracy, little reliable information has been 
available on the activity of the various types of sedimentary rocks. 

It has long been known that crude petroleum contains radioactive 
elements, of which the most important is the gas radon or radium 
emanation. As the crude oils contain little radium, the locus of the 
radium from which the emanation was derived has been conjectural. 

The present research was undertaken to determine the radioac- 
tivity both of sedimentary rocks, sampled by cuttings and cores from 
oil wells, and of the crude petroleum produced from some of these 
wells. The sediments selected were sandstones and limestones in the 
pore spaces of which in most cases petroleum was contained. In cer- 
tain wells the shales, superincumbent on these reservoir rocks, were 
also sampled. Altogether determinations of radioactivity were made 
on 21 sedimentary rocks and on 7 crude oils. 

The object of the investigation was to fix, if possible, the source 
of the radium emanation in the crude oils, to correlate the physical 
properties of the oil and its radioactivity, and to determine the radio- 
activity of some sedimentary rocks, by using the precise analytical 
methods developed by Evans (1).4 

The small number of samples precludes the work from being con- 
sidered more than a preliminary study, but the results appear to war- 
rant certain tentative conclusions and to justify continuation of the 
research. 

GENERAL DISCUSSION 


Practically all terrestrial materials contain measurable quantities 
of the radioactive elements. In the case of sedimentary deposits, these 
elements are laid down as components of some mineral in the beds or 
are precipitated with the sediment subject to the existing physical, 
colloidal, and chemical conditions. Not only are the atoms of these 
elements susceptible to subsequent changes of chemical affiliation, but 
they spontaneously disintegrate according to the laws of radioactivity. 

Because of the relatively rapid decay of all the daughter elements, 
detectable quantities of the radioactive elements occur only in those 
sedimentary rocks in which one of the parent elements, uranium or 
thorium, was originally precipitated, with the exception of post- 
Pliocene formations. The same geologically short time also suffices to 
establish complete equilibrium between these parent elements and 
all of their decay products. Once this equilibrium has been attained, 

“ Numbers refer to references listed at the end of the paper. The writers wish to 


express their appreciation to Professor R. D. Evans for placing his apparatus at their 
disposal. Acknowledgment is also due Professor R. R. Shrock for generous aid. 
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it is possible to ascertain the concentration of the entire series by 
measuring any one member. Because of its convenient half period 
(T =3.82 days), chemical inertness and gaseous nature, radon is the 
member of the uranium-radium series usually measured. Thoron, the 
emanation of thorium, is isotopic with radon, but requires a flow 
method to measure because of its short decay period of 54.5 seconds. 
The present paper deals only with the radon and radium content of 
sedimentary rocks and associated crude oils. Thorium measurements 
on a number of the former samples are now in progress and will be 
reported later. 

Research on the radioactivity of sedimentary rocks before 1921 
has been summarized by Rogers (2). 


Num- Mean Ra- 


Type of Rock Locality Sport Observer 
mens Rock 

Sandstones, composite sample Various 39 rs Joly (3) 
Sandstones Various 24 rs Fletcher (4) 
Sandstones, slates, chalk, ef cetera Various 17 re Strutt (5) 
Sandstones, sandy shales Limbury 8 1.9 Buchner (6) 
Slates, shales, composite sample Various 20 1.5 Joly (3) 
Limestones, marbles Europe 10 1.4 Buchner (6) 
Limestones, dolomite, chalk Various 24 0.8 Fletcher (4) 


Bohn (7) gives figures for determinations by means of gold-leaf 
electroscopes upon two samples of soil from southern California. 
Schlundt (8) found the average radium content of travertine deposits, 
formed by springs now active at Mammoth Hot Springs, Yellowstone 
National Park, to be 14.4X10~-" gms./gm., a value which he states 
is about seven times that of ordinary limestones and sedimentary 
rocks. This work was done by means of an electroscope. 

Piggot (9) in discussing the radium content of ocean-bottom sedi- 
ments gives the results of his determinations and cites those of Joly 
and Pettersson upon the same type of material. Joly (10) obtained a 
general average of 17.8X10-” gms./gm. for twelve samples of sedi- 
ment collected by the Challenger and Albatross. Pettersson (11) ob- 
tained an average of 10.96X 10-” gms./gm. for twenty-eight samples 
of the same type of material. Piggot’s average is 6.52 10°” gms./gm. 
for twenty-eight samples. He calls attention to the extraordinarily 
high concentration of radium in these sediments compared to that in 
ordinary rocks. In recent work on six samples of argillaceous limestone 
from one ocean-bottom core, however, Piggot and Urry (12) obtain 
an average of 1.48X10-” gms./Ra/gm. 

Evans and Raitt (13) give the following results of radium de- 
terminations made in connection with cosmic-ray studies. 
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Radium in 


Description of Rock Gms./Gm 
Limestone. Cormorant Lake, Manitoba O.11 
Limestone. Riverside, California 0.32 
Kaibab Limestone. North Rim, Grand Canyon 0.95 
Quartzite. Crucero Alto, Peru 0.20 
Limestone. Quarry in Minneapolis, Minn. 0.60 
Quartzose sandstone. Zion Canyon, Utah 0.32 


Evans and Kip (14) report an average radium content of 2.5 X 10-” 
gms./gm. in ocean-bottom sediments without regard to the type of 
deposit. They also report the following radium concentrations in 
East Indian Mesozoic clays believed to be of abyssal origin. 


Radium in 


Type of Sediment Gms./Gm 
Abyssal clay 3-5640.03 
Manganese nodule 1.63+0.04 
Radiolarite, red 0.09+0.01 
Radiolarite, creamy pink 0.28+0.07 
Marl 0.06+0.02 
Radiolarite 0.31+0.01 


The earliest investigator to mention the radioactivity of crude oils 
appears to have been Burton (15) who made experiments in 1904 on 
crude oil from Petrolia, Ontario. His conclusions were the following. 
1. Fresh crude petroleum contains a strongly radioactive gas which is 
similar in its rate of decay, and also in the rate of decay of the induced 
radioactivity which it produces, to the emanation from radium. 2. 
There are indications of the existence in crude petroleum of slight 
traces of a radioactive substance more persistent than the radium 
emanation. 3. The amount of emanation present appears to be con- 
siderably more than is required for equilibrium with the slight traces 
of the more persistent radioactive material contained in the petroleum, 
indicating that crude oil has the property of absorbing radon in fairly 
high concentrations. 

Von Traubenberg (16) has established that Henry’s Law applies 
to the absorption of emanation in liquids. Boyle (17) states that petro- 
leum products absorb forty to fifty times the amount of radium ema- 
nation and five times the amount of thorium emanation that water 
will absorb. The following liquids are listed in the order of increasing 
solubilities of radon: distilled water, sulphuric acid, ethyl alcohol, 
petroleum. The presence of dissolved salt in the water tends to lessen 
slightly the absorption. These data indicate that radium emanation 
will be dissolved in crude oils in greater quantity than in ground 
waters. 

Using an electroscope, Bohn (7) found that samples of crude oil 
from two wells in the Montebello oil field of California had an average 
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emanation content of 2.0X10~” curies per liter which is of the same 
order of magnitude as the emanation found in deep well water from 
the same region. Results for samples from the two wells are, well 
Temple No. 9=1.9X10-” curies per liter and well Temple No. 
15=2.2X10~” curies per liter. These values must be considered to be 
slightly low, as unsatisfactory methods of collecting samples allowed 
some of the emanation to escape. Samples of oil were stored for one 
month and then tested for radium with negative results. This observa- 
tion supported the conclusion previously reached by Engler (18) 
that the radioactivity of crude oils is mainly due to emanation and 
not to the presence of radium salts in solution. 

Hahn and Born (19) describe a rather frequent occurrence of 
helium in the North German salt domes which they believe originates 
from the alpha radiation of polonium. These investigators offer the 
hypothesis that if the lead isotope, radium D, were concentrated to- 
gether with the potassium chlorides, the equilibrium quantity of 
polonium would soon be re-established. Samples of waters from oil 
wells near salt domes were tested for radioactivity, and quantities of 
radium were found which are higher than the most radioactive springs 
in Germany. Attention also is called to the high radioactivity of oil- 
well waters in Russia. The Russian scientists proposed that the ab- 
sorption of radium emanation by the oil itself has affected the water 
without claiming a relation to salt domes. 

Nikitin and Komleff (20) find that quantitative tests upon waters 
from oil-bearing rocks show that radium emanation is present in 
higher concentrations than in waters from other regions. The quantity 
of emanation from neighboring wells which tap the same formations 
are observed to differ widely. 

Aeckerlein (21) describes measurements of radium emanation in 
wells and of radium, content in well cuttings and states that the 
emanation content appears higher than would be expected from the 
radium content. Plotting the emanation content and the radium 
content separately as a function of the depth it is seen that the 
anomalies occur close together but with the maxima of the former 
at slightly lesser depths than the anomalies of the latter. This is ex- 
plained by the tendency of the gas to rise to lesser depth, possibly in 
conjunction with an upward air current in the well. 

Bogoiavlensky (22), in discussing the radiometric exploration of oil 
deposits, states that the penetrating gamma radiation changes sharply 
between places a few meters apart. Measurements continued over a 
period of 3 years showed no variation in intensity at the various 
points. The author concludes that the colloidal materials underlying 
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oil beds are richer in radium on account of the absorbing power of 
colloids although he offers no experimental evidence to support this 
conclusion. 

Bobin (23) notes that the water from Well No. 1 in the Ukhta oil 
field (USSR) has an average content of radium by the emanation 
method of 7.58X10~” and of thorium-X 2,186 X 10 grams per liter. 
Repeated analyses of samples stored 28-30 days showed that when 
water leaves the well it contains only 9 per cent of the radiothorium 
required for equilibrium with the thorium-X present. The meso- 
thorium-1 content was not determined but assumed to be 2.05 X 10°” 
grams per liter. Calculations show that about sixty hours elapse be- 
tween the time when the water acquires its activity and the time it 
is brought to the surface. In comparison with other data these figures 
appear to be rather high but bring out the fact that the amount of 
parent radioactive elements may be considerably less than is re- 
quired for equilibrium with their decay products, as was also found 
by Burton, Engler, and Bohn. 

From a consideration of these researches two important points 
are evident. The first is that crude oils and the waters and brines asso- 
ciated with crude oils have a high degree of radioactivity as compared 
with that of ordinary ground waters found in regions remote from oil 
fields. In the case of crude oils, these facts have been explained by the 
high absorbing power of petroleum for radium emanation. The second 
point is that the quantity of radium present in crude oils is consider- 
ably less than that which is required for equilibrium with the emana- 
tion whichis present when the oilcomes from the ground. The property 
of crude oils to absorb emanation from the containing and adjacent 
sediments has been suggested as the cause of this relation. Because of 
the slow migration of petroleum during the lifetime of a given quan- 
tity of emanation, the latter might be inferred to remain in the im- 
mediate vicinity of the point where it is generated, rather than being 
dissipated by the normal circulation of ordinary ground waters. 

Recent research indicates that some of the early determinations 
are entirely unreliable (24). Modern instruments of detection give 
much more accurate results than even the better measurements of the 
past obtained with electroscopes. Highest accuracy is still lacking in 
much of the present-day work because reliable radium standards in 
dilute concentrations are not generally available and calibration be- 
tween various workers is seldom undertaken. The National Research 
Council Committee on Standards of Radioacitivity is sponsoring an 
international intercalibration of radioactivity measurements (25) 
which should aid in correcting many of the past inaccuracies and 
place future measurements on a firmer scientific basis. 
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METHODS OF DETERMINING RADIOACTIVITY 


The radon and radium determinations involve (1) removal of the 
radon from the sample and (2) quantitative measurements of this 
radon through the ionization produced by its alpha rays. Except for 
the minor modifications indicated below, the techniques developed by 
Evans (1) have been used for all measurements. 

The containers for the crude-oil samples consisted of 250 cc. 
Dreschel washing bottles fitted with hollow, ground-glass stoppers 
provided with two glass tubes, one of which extended to the bottom of 
the bottle thus permitting nitrogen to be bubbled through the sample, 
while the other tube provided an exit for the gases drawn off. The 
protruding ends of the glass tubes were drawn out to slender, sealed 
tips which were protected during shipment by caps of glass tubing 
attached with sealing wax. Each sample consisted of 100 cc. of crude 
oil, shipped to the laboratory via air mail immediately after being 
taken from the well. 

The removal of radon was accomplished by slowly heating the oil 
to approximately 100°C. and bubbling radioactively inert nitrogen 
through the oil. Premature escape of the radon and introduction of 
laboratory air were prevented by attaching the exit tube to the reflux 
condenser with sealing wax. The system was then evacuated and the 
glass tip broken by means of a small cylinder of iron in the condenser. 
This was controlled externally by a solenoid. Because of the appreci- 
able water content of the oils, it was necessary to have the gases flow 
through a phosphoric anhydride drying-tube on their way to the 
ionization chamber. 

In order to determine the completeness of de-emanation, the pro- 
cedure was repeated for some of the samples immediately after the 
ionization chamber was filled, the gas being collected in an evacuated 
bulb. Subsequent determination of the radon in the bulb was made, 
and the results indicate an average efficiency of go per cent for the 
initial de-emanation. The radon contents reported in Table II include 
this 10 per cent retention correction. In addition, the observed activity 
has been corrected for the decay of radon during transit. Hence, the 
reported radon concentrations accurately represent that contained in 
the oil as it flowed from the well. 

The radium content of the oil was determined for some samples 
by one of the following two methods and for others by both methods. 
The radon content in equilibrium with the radium in the oil was meas- 
ured after storage of the oil for 30 days, during which time essentially 
all of the initial radon would have decayed. The radium content of 
the residue obtained by burning the sample was measured by dissolv- 
ing in nitric acid and analyzing in the usual manner for liquid samples. 
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Because of the high content of volatiles in the sediments, it was nec- 
essary to ignite the samples before they could be treated by the di- 
rect-fusion method. De-emanation accompanies ignition, and it is 
necessary to reéstablish the equilibrium radon content by storage in 
sealed containers before the fusion treatment. This method is com- 
pletely described by Evans (1). 


TABLE I 
RapruM CONTENT AND DESCRIPTION OF SEDIMENTARY Rock SAMPLES 
Radium 
Sample pt. in 107 
Number* Rock Type Formation (in Peet) Age Gms./Gm. 
of Rockt 
Well—A. McKinney No. 5, Sun field, Starr Co., Texas 
I Clay shale 5,096- 7 Oligocene .07 
2 Quartz sandstone Frio 5,108-16 Oligocene 1.42+.10 
Well—M. cKitumey No. 6, Sun field, Starr Co., Texas 
3 Clay shale 4,649-53 Oligocene 1.09+ .06 
4 Quartz sandstone Frio 4,657-8 0.80+ .05 
Well—Olivares No. 5, Sun field, Starr Co., Texas 
5 Clay shale 4,636- 7 Oligocene 1.05+ .05 
6 Quartz sandstone Frio 4,645-50 Oligocene 1.17+ .06 
Well—No. 1 Doiley, Navarro Crossing, Texas 
7 Shale 5,851-67 Cretaceous 1.094 .15 
8 Quartz sandstone Woodbine 5,889-94 Cretaceous 0.19+ .05 
Well—No. 1 C. C. Hill, Navarro Crossing, Texas 
9 Shale 5,916-17 Cretaceous 1.07+.1I0 
Quartz sandstone Woodbine  5,934-35 Cretaceous 0.22+.02 
Well— .... . ., Nowata Co., Oklahoma 
II Sandstone Bartlesville 494 Pennsylvanian 0.82+ .06 
12 Sandstone Bartlesville 505 Pennsylvanian 0.58+.05 
13 Sandstone Bartlesville 512 Pennsylvanian 0.51+.05 
Wei— . . . « « EetorCo., Texas 
14 Limestone Permian 
limestone 4,096 Permian 6.332 
Well—Moore 1A Harper, Fitts pool, Oklahoma 
15 Shaly limestone Viola 3,810-35 Ordovician 0.78+ .06 
16 Shaly limestone, 
sandstone McLish ais Ordovician 0.29+ .03 
17 Limestone 5-73 Ordovician 0.18+ .03 


Well—M oore No. 0.7 pool, Oklahoma 
18 Shaly sandstone Cromwell 2,510-40 Pennsylvanian 0.67+.05 


19 Shaly limestone Viola 3,780-00 Ordovician T.303:07 
zo Limestone, shale, 

quartz McLish 4,265-70 Ordovician 0.31+ .03 
21 Dolomite — . 4,370-75 Ordovician 0.29+ .03 


* Numbers serve to identify samples in subsequent discussion. 
+ The estimated accuracy of each measurement is indicated by ‘the usual probable error (0.67 X stand- 
ard deviation of the mean of hourly ionization measurements, including backgrounds and calibration). 


As previously mentioned, one of the principal sources of error in 
previous radon and radium measurements has been the use of unrelia- 
ble standard solutions. The apparatus used had previously been ac- 
curately standardized using the Lind-Evans standard radium solu- 
tion (24). 
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SOURCE OF SAMPLES 

Sedimentary rocks on which determinations of radioactivity were 
made include six core samples of the Oligocene from three wells in the 
Sun field, Starr County, Texas; four core samples of the Cretaceous 
from two wells at Navarro Crossing, Texas; seven samples of cut- 
tings of the Pennsylvanian and Ordovician from two wells in the 
Fitts pool, Oklahoma; one core sample of Permian limestone from 
Ector County, Texas; and three core samples of Bartlesville (Penn- 
sylvanian) sandstone from a well in Nowata County, Oklahoma (Ta- 
ble I). Crude oil samples were obtained from the producing formations 
sampled in the Sun field, Fitts pool, and from Navarro Crossing. 

The success of the research was dependent on the obtaining of ac- 
curately located rock samples and of carefully collected samples of 
crude oil and dissolved gas in the special containers and on prompt 
shipment by air mail of the latter. Active codperation in the field by 
many individuals is gratefully recognized. Acknowledgment is spe- 
cially due F. H. Lahee and C. R. Nichols of the Sun Oil Company; 
S. A. Thompson, John W. Clark and John E. Van Dall of the Magnolia 
Petroleum Company; and F. W. Rolshausen of the Humble Oil and 
Refining Company. 


RESULTS OF DETERMINATIONS 
The observed radium content and complete data on samples of 
the sedimentary rocks are given in Table I. 
The radioactivity measurements on several crude oils are pre- 
sented, together with a description of their derivation, in Table II. 
TABLE II 
RADIOACTIVITY MEASUREMENTS ON CRUDE OILS 
Specific Radon in 10“ Radium in Radon: Radium 


Oil Sample Gravity in 
Deg. A.P.4. Curies/Gm. Oil —Gms./Gm. Oil Ratio 
a 45-5 0.344 0.009 38.2 
b 45.5 0.466 0.031 15.0 
Cc 37 0.101 0.024 4.2 
d 37 0.049 0.007 7.0 
e 37 0.136 0.034 4.0 
0.143 0.005 28.6 
g 35 0.087 0.019 4.6 
Producing 
Company Well Location Firmation Age 
a. Sun Oil Co., Olivares No. 5 Sun field, Starr Co., Texas _—‘ Frio Oligocene 
b. Sun Oil Co., McKinney No. 6 Sun field, Starr Co., Texas Frio Oligocene 
c. Humble Oil Co., Dailey No. r Navarro Crossing, Texas Woodbine Cretaceous 
d. Magnolia Petroleum Co., Moore 1 ‘ 
1B Harper Fitts pool, Oklahoma Cromwell Pennsylvanian 
e. Magnolia Petroleum Co., Moore ‘ 
No. 7A Schauers Fitts pool, Oklahoma Cromwell Pennsylvanian 
f. Magnolia Petroleum Co., Moore 
No. 1A Harper Fitts pool, Oklahoma Viola-Simpson Ordovician 


g- Magnolia Petroleum Co., Moore 
No. 7 Schauers : Fitts pool, Oklahoma Viola-Simpson Ordovician 
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The difference between radon expressed in curies per gram of oil and 
grams of radium per gram of oil represents the excess of radon over 
that in equilibrium with the radium contained in the oil. This excess 
may be expressed in curies per gram of oil or by the radon: radium ra- 
tio. The amount of radon above the quantity in equilibrium with the 
radium in the oil must represent radon derived from exterior sources. 


DISCUSSION OF RESULTS 
SEDIMENTARY ROCKS 
The rocks studied in the present research, all Oligocene or older, 
are of sufficient age that radioactive equilibrium has been established 


TABLE III 
COMPARISON OF RADIUM MEASUREMENTS ON Basis OF RocK TyPE 
Radium in 


Sample Type of Rock Age Gms./Gm. Rock 
I Clay shale Oligocene 1.15+.07 
2 Clay shale Oligocene 1.03+ .05 
5 Clay shale Oligocene 1.05+ .05 
7 Shale Cretaceous 
9 Shale Cretaceous 1.07+.10 
2 Quartz sandstone Oligocene i.492.10 
6 Quartz sandstone Oligocene r.273 .06 
4 Quartz sandstone Oligocene 0.80+ .04 

18 Shaly sandstone Pennsylvanian 0.67+ .05 
II Sandstone Pennsylvanian 0.82+ .06 
12 Sandstone Pennsylvanian 0.58+ .05 
13 Sandstone Pennsylvanian 0.514 .05 
10 Quartz sandstone Cretaceous 0.22+ .02 
8 Quartz sandstone Cretaceous 0.19+.05 
14 Limestone Permian 6.33205 
2I Dolomite Ordovician 0.29+ .03 
17 Limestone Ordovician 0.18+ .03 
19 Shaly limestone Ordovician 1.30+ .07 
15 Shaly limestone Ordovician 0.78+ .06 
16 Shaly limestone, sandstone Ordovician 0.29+ .03 

20 Shaly limestone, shale, 
limestone, quartz Ordovician 0.31+ .03 


with uranium. No detectable amount of original radium is still present 
and, as might be expected, no’relation of radioactivity to the age of 
the sediment is observed. The various types of sediments appear to 
show definite characteristics of radioactivity, as is seen from the tab- 
ulation according to lithologic type given in Table III. Radioactivity 
is highly variable in sandstones, less so in limestones and is essentially 
uniform in shales. Maximum radioactivity of about the same order 
of magnitude occurs in all three classes of rocks. The average maxi- 
mum is 1.29X10-” grams of radium per gram of rock which is some- 
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what lower than values determined on similar material by earlier in- 
vestigators. The minimum radioactivities of sandstones and lime- 
stones, about 0.18X10-" grams of radium per gram of rock, agree 
well with the similar values of Evans and Raitt (13). Too few deter- 
minations have been made, however, to allow us to conclude that 
these characteristics are generally applicable. Further research is es- 
sential to ascertain the reality of the trends in radioactivity indicated 
by the present available data. 

The sandstones upon which determinations were made vary be- 
tween 1.42 and 0.19 X10-”, the average being 0.71 X 10-” gm. Ra/gm. 
rock. The purest sandstone is the lowest in radioactivity and is com- 
parable, in this respect, with the sandstone of Berea, Ohio (0.23 X 10-8 
gm. Ra/gm.) selected as one of the standard rock samples to be used 
in the international intercalibration of radioactivity (25). Quartzite 
of even lower radioactivity (0.07 X 10-” gm. Ra/gm.) has been found 
by Goodman, and pure quartz may contain even lower concentrations 
of the radioactive elements. 

The locus of radioactivity in sandstones is to be sought in impuri- 
ties, probably discrete mineral particles and shaly material. The high- 
ly radioactive muscovite and biotite separated by Piggot (26) from 
granites are significant in this connection. The heavy mineral content 
of soils was found by Clark and Botset (27) to be closely related to 
radon content, and heavy minerals may also be an important source of 
radioactivity in sandstones. 

The pure limestones and dolomites studied are apparently as low 
in radioactivity as some pure sandstones. High radioactivity occurs 
in limestone with shale intercalations, but sandy limestones with thin 
quartz-bearing strata are low in radioactive material. The average for 
the seven limestones upon which determinations were made is 
0.50X 10-” gms. Ra/gm. rock, which is the same as that of four lime- 
stones described by Evans and Raitt (13). Maximum radioactivity 
was found by these authors in the Kaibab limestone of the Grand Can- 
yon (0.95 X10-” gm. Ra/gm.) and by the present investigators in the 
shaly Ordovician limestone of the Fitts pool, Oklahoma (1.30 10-” 
gm. Ra/gm.). Impurities apparently account for unusually high ra- 
dioactivity in some limestones, but it would seem that the average 
radioactivity of limestones is less than that of sandstones and that 
limestones in general are less variable in radioactivity than sand- 
stones. 

The average radioactivity of the few shales studied is 1.08 X 10-™ 
gm. Ra/gm. rock, a value which is somewhat less than the maximum 
of the other types of sedimentary rocks. Deviation from the mean in 
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the determinations on shales is no greater than the experimental error. 
The limited data indicate that shales are of fairly constant and of rel- 
atively high radioactivity. 

Before the foregoing tentative conclusions can be accepted, many 
more determinations of the radioactivity of marine sedimentary rocks 
must be made. Proof of the hypothetical suggestions as to the locus 
of radioactivity in all of the types of marine sediments mentioned 
heretofore also is dependent on further investigations. Such additional 
research is planned on the samples already studied and on other sedi- 
mentary rocks. 

It is desirable to increase the number of determinations of radio- 
activity, not only on marine sediments in order to confirm the trends 
now indicated, but also.on fresh-water and land sediments. The influ- 
ence of sea water on radioactivity may be apparent from comparison 
of such results. If uniform radioactivity in contemporaneous shales 
is real and is explicable by adsorption of uranium by colloidal con- 
stituents, then variation of radioactivity in shales of widely different 
ages may suggest variation of uranium in the sea during geologic 
time. As suggested by Evans and his associates (14, 28) further work 
should be done on the radioactive characteristics of abyssal marine 
deposits. No accurate determinations of radioactivity in organic sedi- 
ments or varved glacial clays have been made. Comparison of such 
determinations on coal, black shale and ordinary shale would be of in- 
terest. 

More detailed investigations are planned on the radioactivity of 
detrital minerals in sandstone. Variations in radioactivity of sand- 
stones may show relations to shore lines and to areas of denudation of 
differing geological character. Such relations are suggested by the 
highly radioactive limestones from the Grand Canyon, from Minne- 
sota and from southeastern Oklahoma. Determinations of the radio- 
activity of insoluble residues from limestones may corroborate these 
inferences. Radioactive constituents of shales and clays may be iso- 
lated by centrifuging. They may then be studied for effects of se 
tion during deposition. 


CRUDE OILS 


As seen in Table II, the quantity of both radon and radium in the 
crude oils investigated is highly variable. Average radon content is 
0.19 X 10-" curies/gm. and average radium is 0.018 gm./gm. 
of oil. Maximum content of both elements is somewhat above twice 
the average and minimum content about one-quarter of the average 
value. The radon: radium ratio in all samples is over 4, averaging 10.5 
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which proves conclusively that most of the radon in the crude oils 
came from a source other than the radium in the oil. 

Radon formed in the sedimentary rocks through which the pe- 
troleum passed on its way to the well has been dissolved in the oil. 
No direct relation between excess radon in the crude oil and the ra- 
dium content of rock from which the crude oil was produced is evi- 
dent from comparison of the data of Tables I and II or from the aver- 
ages given in Table IV. 

TABLE IV 


RADIOACTIVITY MEASUREMENTS OF SOME CRUDE OILS AND THEIR ASSOCIATED 
Rock FORMATIONS 


Rock Oil 

Rain Rnin Radon: 

Age Formation Cu- 10% Radium 
Gm./Gm. ries/Gm. Gms./Gm. Ratio 
Oligocene Frio sandstone 0.985 0.405 0.020 20.3 
Cretaceous Woodbine sandstone 0.19 0.101 0.024 4.2 
Pennsylvanian Cromwell sandstone 0.67 0.093 0.020 4-7 
Ordovician Viola-Simpson limestone 1.04 0.138 0.018 | 


Maximum radon content and maximum ratio of radon to radium 
are found in the oil from the Oligocene Frio sandstone, which is high 
in radium, permeable and capped by shale. Low radon and low excess 
radon are present in crude oils from the pure sandstone of the Cre- 
taceous Woodbine formation and from the shaly Pennsylvanian 
sandstone of the Cromwell formation. The crude oil from the Viola- 
Simpson limestone is intermediate in content of radon and in excess 
radon although the rock is of relatively high radioactivity. Appar- 
ently much of the radon formed in the limestone is retained in the 
rock. 

The lack of precise quantitative relation between the radioactiv- 
ity of the producing rock and excess radon in the oil is not surprising. 
The crude oil samples, which were taken at about atmospheric pres- 
sure, contained little gas. At the’ pressure and temperature of the 
oil-field reservoir, however, volumes of gas fifty to several hundred 
times the volume of the crude oil are dissolved in or associated with 
the oil. To obtain the radon content of the reservoir fluid, the radon 
content of the naiural gas produced with the crude oil and the gas-oil 
ratio of the well should be known. Determinations of radioactivity of 
the natural gases were beyond the scope of this preliminary research 
and remain for future investigation. 

Some difference is to be expected between the radioactivity of rock 
at the well and the oil and gas from the well, on account of migration of 
the fluids to the well from some distance during the life of the con- 
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tained radon. Rock samples from the well may not have the same ra- 
dioactivity as the rock through which the oil and gas flowed to the 
well. Investigations of a greater number of rock and fluid samples from 
various wells in a given sedimentary formation might improve this 
correlation. 

The accessibility to the reservoir fluids of radon formed in the con- 
taining rocks is also doubtless variable with grain size, porosity, and 
permeability of the sediment. Radon produced in the more pervious 
strata through which crude oil and gas flow is available for solution in 
the fluids, while radon originating in fine-grained layers of low per- 
meability such as silty or shaly intercalations and in massive lime- 
stone is probably largely retained in the rock. The short life of radon 
precludes any great diffusion of this gas. The complexity of the reser- 
voir and of the movements of the hydrocarbons through it to the well 
make difficult the sampling of the sedimentary rocks from which crude 
oils and gas obtain radon. 


EFFECTS OF RADIOACTIVITY 


The chemical changes caused by radioactivity have been eluci- 
dated by Lind (29). Saturated hydrocarbons under alpha radiation are 
transformed into higher gaseous and liquid hydrocarbons and hydro- 
gen. From methane are formed ethane, propane, butane, pentane, and 
other higher members and hydrogen. From ethane not only hydrogen 
is liberated but methane and liquid members are condensed at earlier 
stages of the reaction than with methane. The reactions of propane and 
butane are also described by Lind. He concludes that the lower hy- 
drocarbons under alpha-ray bombardment evolve hydrogen and con- 
dense to higher hydrocarbons both saturated and liquid unsaturated. 
Radiation of higher members results in the elimination of both hydro- 
gen and methane accompanied by condensation. When unsaturated 
hydrocarbons are exposed to alpha radiation, the tendency for the 
elimination of gaseous products is less than in the saturates, and with 
ethylene a liquid condensation product is obtained. The suggestion 
was made by Lind that if geological conditions were met where alpha 
radiation affected gaseous hydrocarbons, a liquid mixture of hydrocar- 
bons similar to petroleum should be produced. 

In a later discussion of this subject (30), reviewing also more recent 
research to which the same theory has been found applicable, the 
statement is made that under conditions similar to those of alpha ra- 
diation (electrical discharge through hydrocarbons), quantities of 
liquid sufficient for fractionation were obtained..It was found that the 
most abundant molecular species in these liquids were those with 
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double the number of carbon atoms of the original hydrocarbon. A 
great variety of products, in both the paraffin and olefine series, is to 
be expected on the basis of Lind’s alpha radiation studies. Frora a sin- 
gle member of either high or low molecular weight, all other members, 
above and below in the hydrocarbon series, should be obtained, and the 
quantity of each should be distributed according to a probability 
curve. 

The theory (31) that petroleum may be derived from gaseous hy- 
drocarbons is contrary to the generally accepted opinion of geologists 
that petroleum originates chiefly from solid or semi-solid resistant 
organic complexes, both nitrogenous and non-nitrogenous (32). No 
attempt has yet been made to determine the effect of alpha radiation 
upon such complex compounds, but Richards (33) has shown that 
condensation and elimination of hydrogen proceed when solids are ex- 
posed to alpha rays and that the reaction is independent of the state 
of aggregation of the substance under radiation. Pertinent in this 
connection is the presence of ether-insoluble compounds, probably 
in colloidal dispersion (34), in free oil from the oil shale considered to 
be the source of petroleum in the Playa del Rey field, California (35). 
Such compounds may be the condensed products from reactions on 
original source material. 

Objections to the reality of alpha radiation as an effective cause of 
chemical reactions in the generation of petroleum have been stated by 
Lind (30) and Brooks (36). Both authors cite the absence of hydrogen 
in natural gases as an objection to acceptance of the quantitative im- 
portance of such reactions. Brooks furthermore states that the pres- 
ence of optically active substances in petroleum precludes the origin 
from gaseous hydrocarbons and considers that the absence of helium 
in natural gases associated with crude oils disproves any great amount 
of alpha radiation in petroleum. 

These obstacles to the theory are not insuperable. The amount of 
helium produced in alpha-ray reactions is small compared to the quan- 
tity of hydrogen or hydrocarbons formed since each alpha-ray affects 
about 100,000 hydrocarbon molecules.® If the source material were of 
solid or semi-solid organic derivation and the first reactions were chief- 
ly those resulting in condensed solids or colloids and liquids and gas, 
optically active substances might well be retained in the resulting 


5 Paneth (45) comments on the low content of helium in the gases from the Iraq 
and Iran oil fields and compares the deep geosynclinal sediments with the more highly 
radioactive sedimentary rocks, including oil- and gas-bearing strata which were derived 
from the degradation of granitic areas. Inasmuch as helium-bearing gases are usually 
rich in nitrogen, disintegration of nitrogenous organic compounds by alpha radiation 
may play a part in the formation of nitrogen in natural gases. 
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liquid mixture. Hydrogen could conceivably be lost from the natural 
gas associated with the crude oil by diffusion through the cap rock or 
by hydrogenation of the hydrocarbon compounds. 

Hydrogenation has occurred under alpha radiation of hydrocar- 
bons, but to a less extent than polymerization and condensation. 
With ethylene Lind found that some ethane is formed by the effect 
of alpha rays but that the principal reaction is one of polymerization 
with some elimination of hydrogen, not one of hydrogenation. The 
suggestion is also made (30) that hydrogenation of unsaturated hy- 
drocarbons may be an important factor in the removal from earth 
gases of the hydrogen liberated by alpha radiation from hydrocarbons 
and water. Hydrogenation has also been proposed by Pratt (37) to ex- 
plain the increase of the hydrogen-carbon ratio in the evolution of 
crude oils. In discussing the inorganic constituents of petroleum (38) 
Thomas deprecates the efficacy of nickel as a catalyst in the natural 
hydrogenation of crude oil, but notes the presence of molybdenum in 
certain ashes from petroleum and comments on its striking catalytic 
effect on hydrogenation. Apparently hydrogenation of the unsaturated 
hydrocarbons in crude oils may be an effective process in natural oil- 
field reservoirs through geological periods of time to the extent that 
hydrogen is available. 

The precision of the determinations of radon and radium in the 
crude oils of the present investigation permits calculation of the hy- 
drogen produced in them by alpha radiation. Emission from radon is 
at the rate of 3.5 X10! alpha particles per second per curie (Table III, 
ref. 24). Including radium A and radium C’, the rate is 3.8X 10" alpha 
particles per hour per curie. The crude oils range from about 0.1 X 10°” 
to o.4X10-” curies Rn/gm. of oil; therefore, emission is between 38 
and 150 alpha particles per hour per gram of oil. Assuming uniform 
radioactivity in the oil, in 100 million years (8.710 hours), 0.33 
X 10“ to 1.3 10" alpha particles would be produced in each gram of 
crude oil. In the condensation of gaseous saturates, according to Lind 
(29), one molecule of hydrogen is formed for each ion-pair, and an 
average of approximately 1.9X10° ion-pairs are formed per alpha 
particle in air. Similar ionization in the hydrocarbons would produce 
0.63 X 10! to 2.5 X 10!* molecules of hydrogen from a gram of oil in the 
time assumed. The corresponding volume of hydrogen at standard 
conditions is 0.23 to 0.92 cc. per gram of oil. The effect of radium con- 
tent of the crude oils on this quantity is negligible, but under natural 
conditions the decomposition of radium F may be effective. If so, the 
volume would be increased to 0.30 to 1.2 cc. He per gram of oil per 100 
million years. 
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Under the assumptions used, the chemical effect on a gaseous sat- 
urate would be small. With methane the ratio of hydrogen atoms 
produced to carbon atoms would be 1/3,000. With undersaturated 
compounds the ratio of molecules reacting to ion-pairs is larger (29); 
therefore, radiation is more effective chemically. 

The amount of hydrogen formed, however, is great enough to re- 
quire explanation of its absence from usual analyses of natural gas. 
Hydrogenation, of course, may account for part of this deficiency but 
diffusion also may be an efficient process in removing hydrogen from 
natural gases. Experiments have shown that from a mixture of 3 per 
cent hydrogen and 97 per cent carbon dioxide, a gas containing go per 
cent hydrogen may be concentrated by irreversible diffusion through 
ball clay (39). Escape of hydrogen upward from oil fields is also sug- 
gested by the composition of the natural gas found at the base of the 
glacial drift in Michigan. Newcombe (40) describes shallow gas fields, 
particularly in those Michigan areas where important oil-bearing 
formations lie below the drift, and gives the hydrogen content as 25—26 
per cent. Other analyses of natural gases containing hydrogen include 
those from Novo-Usensk, Russia (41), from Ohio (42) and from the 
Lima-Indiana fields (43). Precise determinations of hydrogen might 
prove it to be a more common constituent of natural gas in small 
amounts than is usually believed. If diffusion is an effective factor in 
its elimination from oil-field gases, hydrogen should be concentrated 
under less permeable formations. Hydrogen also has been found in 
appreciable concentrations (up to 0.006 per cent by weight) in soil 
gases extracted from the sediments of oil fields (44). The hydrogen 
content of soil gases offers a field for interesting research and is sug- 
gested as a possible method of geochemical prospecting for oil fields.® 


CONCLUSION 

In summary, the indications of quantitative effectiveness of alpha 
radiation, based on the radioactivity of the crude oils alone and neg- 
lecting dissolved and associated gas in the fluid of the oil-field reser- 
voir, appear to be in harmony with former opinion. The effect of alpha 
particles on natural hydrocarbons would seem to be a minor reaction 
superimposed upon chemical changes of much greater significance 
produced by temperature and pressure. This conclusion, however, is 
far from final. If, when the natural gases accompanying oil are studied, 
they are found to contain considerable amounts of radon, the chem- 

6 “Hydrogen . . . often has been found in favorable concentration patterns over 
favorable structure. Hydrogen soil concentrations do not show appreciable background 


values, and usually display very high contrast, suggesting a unique origin.’’—Refer- 
ence 44, page 9. 


1 

) 


1546 K. G. BELL, C. GOODMAN, W. L. WHITEHEAD 


ical effects of radioactivity in the generation of petroleum may prove 
to be important. 

This preliminary investigation suggests future research on the 
radioactivity of sediments and of crude oils. Paneth has clearly shown 
the path to follow in elucidating the causes of radioactivity in sedi- 
ments. The physical characteristics of sedimentary rocks are to be 
correlated with the lands from which they were derived and with the 
conditions under which they were laid down. In his fundamental re- 
search, Lind has directed attention to the need for a more complete 
understanding of the chemical effects of radioactivity in the natural 
environment. Much remains to be done before quantitative state- 
ments can be made with confidence in answer to the many unsolved 


problems. 
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PALEOGENE OF BARBADOS AND ITS BEARING ON 
HISTORY AND STRUCTURE OF ANTILLEAN- 
CARIBBEAN REGION! 


ALFRED SENN? 
Basel (Switzerland) 


ABSTRACT 


The writer discusses in detail the stratigraphic sequence of Barbados. 
Scotland formation (lower and middle Eocene) 
Joes River formation (mudflow of upper Eocene age) 
Oceanic formation (upper Eocene and lower Oligocene) 
Bissex Hill marl (uppermost Oligocene or lower Miocene) 
Coral rock (Pliocene-Pleistocene) 


Evidence is given for the ages assigned to these formations and correlation with 
other parts of the Caribbean region is discussed. The importance of upper Eocene orog- 
eny in the Caribbean region is stressed. A résumé is given of the geological history of 
the Antillean-Caribbean region in which it is concluded that during the Upper Cre- 
taceous and Eocene a land or shallow-water connection existed between the Caribbean 
and European Mediterranean regions but that this connection was broken during the 
upper Eocene orogeny. A comprehensive correlation chart for the Caribbean region is 


presented. 
INTRODUCTION 

For a long time Barbados has been of great interest to geologists. 
The terraces in its Coral rock and its famous Radiolarian earth have 
formed the main subjects of interest and after these latter sedi- 
ments were considered as deposits of great oceanic depth, Barbados 
was a proof to many geologists that abyssal deposits could, within a 
short time interval, be elevated to the surface. In a later period the 
exceptional geographical position of Barbados, and hence its impor- 
tance for the successful understanding of the history and the structure 
of the Antillean-Caribbean region, was recognized (Lit. 51, 55).* 

However, the full realization of its importance could not be as- 
certained as long as the age of the two older formations was not 
exactly known. It was only 3 years ago that H. G. Kugler and his col- 
laborators gave a new age determination of the Oceanic formation 
(Lit. 34, p. 1444), and recent findings of a rich fauna of larger Fora- 
minifera at various horizons in the Scotland formation have now 
enabled the writer to determine more precisely the age of this for- 
mation. 

These new age determinations of the Barbados sediments allow a 
much better correlation with neighboring countries, especially Vene- 
zuela and Trinidad, and may contribute in elucidating some of the 

1 Read before the Trinidad Geological Conference, Trinidad, B.W.I., April 18-27, 
1939. Manuscript received, December 14, 1939. 

2 Geologist, British Union Oil Company, Limited, Barbados, B.W.I. 

° References are made to literature listed at end of this article. 
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main problems encountered there, notably the question of the oro- 
genic movements which built up their mountain chains. In establish- 
ing relations between Barbados, Venezuela, and Trinidad the writer 
could use the knowledge acquired during his stratigraphical studies 
carried out in Falcén from 1927 to 1932. During these years he also 
became fairly well acquainted with Trinidad geology and undertook 
some excursions in Curacao and Porto Rico. 

Interesting relations are also shown between Barbados and the arc 
of the Lesser Antilles, and the writer therefore made a trip to those 
islands to try to substantiate the ideas formulated during the study of 
the Barbados Tertiary sediments: nine days (February 11-19, 1939) 
were spent in Martinique, a week in Guadeloupe and Grande Terre 
(February 20-26, 1939), eight days in St. Barthélémy (February 27- 
March 6, 1939) and two days in Antigua (March 7-8, 1939). 

In presenting a kind of a synthesis of the southern part of the 
Antillean-Caribbean region, the writer wishes to state that this is 
undertaken entirely from a stratigraphical point of view, by drawing 
the conclusions from a comparison of carefully studied and correlated 
sections. The entirely different methods employed by Hess (Lit. 25) 
and Sonder (Lit. 58)—although of the greatest value—have not been 
utilized in this paper, as it seems more valuable for the present to see 
the same problems considered separately from different points of view. 
In discussing the relationship between the Antillean-Caribbean and 
the Mediterranean region the writer could use the knowledge gained 
while working in Morocco and Algeria from 1933 to 1936. 

Also a great amount of literature has been studied, but as the work 
was compiled in Barbados the writer did not have at his disposal all 
the original publications, and had in many cases to depend on Schu- 
chert’s compilation (Lit. 55). 

The stratigraphical correlation chart is presented in order that the 
many formation names mentioned in this paper may be more clearly 
understood. It is mainly based on the distribution of the larger Fora- 
minifera as shown on the left side of the chart. In many cases small 
Foraminifera and Mollusca have also been used for correlation. 
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GENERAL OUTLINE 


Barbados (Fig. 1) is for its largest part (¢) covered by Pleistocene 
reef-limestones, known as the Coral rock. In the northern half of the 
island this formation has been elevated to a height of more than 335 
meters and forms there a dome-like uplift, the roof of which has been 
partly removed by erosion. In the large semi-circular erosional win- 
dow, the older formations underlying the Coral rock are largely out- 
cropping. This region has been called the “Scotland district” (Lit. 
54, Pp- 9, 222) on account of its mountainous character with its highly 
dissected ridges and numerous ravines and valleys, which are in sharp 
contrast to the large undulating features of the Coral rock area. 

The Scotland district offers the best exposures for the study of the 
older formations, which are more specially treated in the present pa- 
per. Besides this large outcrop of the older formations, there are a few 
smaller and isolated ones, of which only the coast section of Ragged 
Point in southeastern Barbados is considered here. 
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Fic. 1.—Sketch map of Barbados. 
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STRATIGRAPHICAL SEQUENCE IN BARBADOS 
SCOTLAND FORMATION 


The oldest formation cropping out in Barbados is the Scotland 
formation (Schomburgk, 1847, Lit. 54, p. 534). Schomburgk included 
in this formation all the strata below the Coral rock, cropping out in 
the Scotland district. In 1890 Harrison and Jukes-Browne (Lit. 22, 
p. 11) separated from this formation the white chalks and Radiolarian 
earths, for which they proposed the name “‘Oceanic series.” 

The first attempt to subdivide the Scotland formation was made 
by A. Menzies, geologist of the British Union Oil Company in Bar- 
bados from 1920 to 1923. Some of his results have been published by 
Beeby Thompson (Lit. 65) without mentioning Menzies name, and 
Matley (Lit. 41) took over the information forwarded by Beeby 
Thompson. 

The writer proposes to subdivide the Scotland formation in the 
following manner (from bottom to top). 


Lower Scotland formation or St. Andrew’s beds (shales predominating) 


Walkers beds 
Morgan Lewis beds 


Upper Scotland formation (sands predominating) 


Murphys beds 
Chalky Mount beds 
Mount All beds 


LOWER SCOTLAND FORMATION OR ST. ANDREW’S BEDS 


This formation is characterized by a great development of dark 
gray silty and sandy shales with streaks of dense greenish clay and 
numerous nodules and streaks of brown and red claystone, clay-iron- 
stone and siltstone, giving to those beds a very typical aspect (clay- 
stone-shales). The silts and clays contain only rare arenaceous forams. 
The formation can be subdivided into two parts (from bottom to top). 

Walkers beds.—These beds build up the ridge situated north of 
St. Andrew’s Church and the estate houses of “Walkers” and “The 
River.” They are the oldest beds exposed on the island, as already 
stated by Harrison and Jukes-Browne (Lit. 22, p. 12). The outcrops 
all along this ridge are excellent, but the dip is very steep and isoclinal 
folding makes it difficult to arrive at an exact conclusion concerning 
the thickness. An easily accessible section, which may be designated 
as the type section, is exposed on the eastern side of the cane-track 
leading from “The River” Estate house towards the northwest. 

The Walkers beds consist of an alternation of important bodies of 
claystone-shales (as already described) and several larger sand bodies, 
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in which the individual sand beds have a thickness of 0.2—-2 meters, 
and are again separated by claystone-shales. The sands are light 
brownish to light gray in color, and are mostly fine- to medium- 
grained, nests and layers of coarse, gritty sand being exceptional. In 
contradistinction to the upper Scotland sands, the sands of the Walk- 
ers beds are rarely banded or laminated, but generally occur in mas- 
sive, compact beds. 

Up to now, fossils have been found only at one locality in these 
beds: a lens (1.4X0.4 meters) of cemented grit and sandy limestone, 
enclosed in 3 meters of coarse-bedded sands, furnished common Disco- 
cyclinas and very rare small “Nummulites.” 

The thickness exposed in the type sections is about 240 meters, 
but a well, drilled through 650 meters of these beds, did not reach 
their bottom. 

The Walkers beds are clearly overlain by the Morgan Lewis beds, 
but the contact is generally disturbed because the plastic claystone- 
shales of the Morgan Lewis beds are sheared off from the more rigid 
Walkers beds. 

Morgan Lewis beds.—The type section has been chosen on the 
ridge immediately east of the Morgan Lewis River (northeast of 
Morgan Lewis Estate House), where a flatly north-dipping series is 
excellently exposed, showing the passage towards the overlying 
Murphys beds. The beds can also well be studied at the bottom of 
the Lowes Ridge section (see p. 1557). 

The Morgan Lewis beds consist almost entirely of claystone shales 
(as previously described), in which sand beds are extremely rare. On 
the other hand fine whitish sand is everywhere present in small lenses, 
streaks, and films. The deeper part of these claystone-shales encloses 
in the highly disturbed Boscobelle segment a zone of coarse-bedded 
white sands whose exact stratigraphic position can not be elucidated, 
however, on account of the complicated structure. The upper 150 
meters of the Morgan Lewis beds in many places contain one or two 
beds of somewhat cemented coarse grit (of o.5-1.5 meters thickness), 
which at two places furnished rare Discocyclinas and small ‘““Num- 
mulites.”” Towards the top of the Morgan Lewis beds more and more 
thin sand beds appear, forming a clear transition towards the over- 
lying sandy Murphys beds. 

In the southern part of the Scotland district, south of Murphys 
and Chalky Mount, the Morgan Lewis beds become more sandy. 

In the type section 190 meters are exposed, in the Lowes Ridge 
section 160 meters, but the total thickness nearly reaches 500 meters. 
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UPPER SCOTLAND FORMATION 

Murphys beds.—At the type section exposed in the Murphys River 
near Murphys Village, the lower part consists of an alternation of 
well bedded light brownish, fine to coarse sands and gray or lilac- 
colored silts. The sands show false-bedding and many of them contain 
thin carbonaceous bands, giving them a characteristic striated and 
laminated aspect. Above, a monotonous alternation of gray silts and 
fine whitish sands follows, containing short lenses of hard, light gray 
red-weathering, sandy and carbonaceous limestone, in places barren, 
in other places rich in Bryozoa and Discocyclina. The silts do not con- 
tain smaller Foraminifera, but some gritty nests furnished the writer 
with a well preserved fauna of larger Foraminifera consisting of sev- 
eral species of Discocyclina (Discocyclina), Nummulites, Operculina 
and Amphistegina. Near the top of the Murphys beds are more yel- 
lowish, banded carbonaceous sands, forming the transition toward the 
overlying Chalky Mount grits. 

In general the Murphys beds are more sandy than in the type 
section; they form a typical transitional phase between the silts of the 
Morgan Lewis beds and the coarse, gritty sands of the Chalky Mount 
beds. 

It is most probable that the large blocks of hard, gray sandy lime- 
stone, commonly found in the Turner’s Hall River and other places, 
and from which Trechmann obtained fresh-water mollusks (Lit. 68, 
p. 484, fossil bed ‘‘a’’), have their origin in the Murphys beds, where 
they are supposed to form similar lenses to the Bryozoa-Discocyclina- 
bearing limestones previously mentioned. This opinion has recently 
been confirmed by the finding of such a lens in place in the Murphys 
beds approximately 720 meters south of St. Andrew’s Church. The 
lens is 16 meters long, swelling abruptly to a thickness of approxi- 
mately 5 meters and consists of gray, impure, somewhat sandy lime- 
stone with badly preserved large Mollusca. While many of the blocks 
in the Turner’s Hall River strongly resemble this rock lithologically 
and are very probably derived from the Murphys beds, some others 
contain gritty and conglomeratic nests, suggesting a possible origin 
from the Chalky Mount beds. Fossil collections from all the different 
blocks will have to decide in the future if they are all being derived 
from the only horizon of the Murphys beds or from different horizons 
of the upper Scotland formation. 

The thickness of the Murphys beds varies between 65 and 100 
meters. 

Chalky Mount beds —At Chalky Mount and in the Spa-Murphys 
area, the lower half consists of massive to coarse-bedded, whitish to 
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yellowish, friable, coarse, gritty sands, in some places enclosing con- 
cretionary lenses of hard cemented calcareous grit and alternating 
with a few well bedded finer-grained sands. These ‘Lower Grits’ 
attain a thickness of more than 100 meters at Chalky Mount, and of 
more than 50 meters on the Spa peak. 

The grits are composed of irregularly shaped, commonly corroded, 
mostly subangular to edge-rounded, rarely well rounded quartz 
grains, which vary in size from fine sand to pebbles of a maximum 
diameter of 1 centimeter. The quartz is mostly colorless and transpar- 
ent, more rarely milky and blue. Rolled quartz crystals are common. 

Irregular lenses and ledges of fine conglomerate are enclosed in the 
grits at various horizons, and although they may occur at the base, 
the presence of a ‘“‘base conglomerate,’’ which suggests an erosional 
unconformity at the base of the Chalky Mount beds, must be denied. 

At the eastern end of Chalky Mount, there is at the base a con- 
glomerate about 5 meters thick, but near the simmit of the mountain 
this conglomerate no longer exists. Another conglomerate, about 3-4 
meters thick, occurs about 50 meters above the base of the Chalky 
Mount beds, and a third conglomerate, approximately 1.5 meters 
thick, about 70 meters above the base. 

At the Spa peak, one finds a small conglomeratic lens of 1 meter 
thickness about 2 meters above the base of the Chalky Mount beds. 
The most important conglomerate, from which Trechmann (Lit. 68) 
obtained his fossils, lies between 17 and 23 meters above the base, its 
two ledges—separated by a grit layer—reaching a ‘thickness of 5.3 
meters. Some more conglomeratic grits occur 36 meters above the base. 

The conglomerates are built up by more numerous and larger 
quartz pebbles, which, however, rarely exceed a length of 2.5 centi- 
meters. As in the grits, the pebbles are irregularly shaped, many cor- 
roded, mostly subangular to edge-rounded, rarely well rounded and 
mostly consist of colorless and transparent, more rarely of milky and 
blue quartz. Rolled quartz crystals up to a length of 1.5 centimeters 
are not uncommon. Besides this quartz, apparently derived from 
quartz veins, the writer observed a few better rounded pebbles of a 
reddish, hard, clastic quartz rock. The conglomeratic aspect of the 
Chalky Mount conglomerates is, for a great part, due to the frequency 
of buff-colored, globular, marble-like marlstone concretions of a di- 
ameter of 3-15 millimeters. Besides these and the quartz pebbles, 
there are also some well rounded pebbles of red and brown claystone 
and irregular pieces of brown sandstone, calcareous sandstone, cal- 
careous grit with shell fragments, sandy limestone with Lithotham- 
nium and Amphistegina and characteristic brown sandy limestone full 
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of small Nummulites and Operculina. These rocks, as for instance the 
last mentioned, might be partly of foreign origin, or some of them 
might have been broken off from the sediments under formation by 
the currents bringing the quartz pebbles.‘ 

At Chalky Mount only the conglomerates contain rare and poorly 
preserved mollusk-shells, while at the Spa peak and near Pools the 
whole mass of the “Lower Grits’ carries mollusk shells and larger 
Foraminifera (Discocyclina, Nummulites, and Operculina). In the con- 
glomerates, where the fossils are more frequent, they are apparently 
rolled and worn, but in the grits many of the very delicate shells are 
preserved with their finest sculpture, proving that the fauna—at least 
in its larger part—has to be considered as autochthonous. However, 
the presence of the aforementioned pieces of Nummulitic limestone 
makes it probable that one might also expect some reworked pieces 
amongst the isolated fossils. 

At Spa and between Murphys and Pools, the ‘Lower Grits” are 
overlain by a peculiar sediment, to which the term “gritty silt”’ has 
been applied. It consists of a massive, dark gray or brownish silt, rich 
in mostly angular or poorly rounded quartz grains up to a diameter of 
5-7 millimeters. These “gritty silts,” reaching a thickness of 30 me- 
ters at Spa, are rich in well preserved Mollusca and larger Foraminif- 
era (Discocyclina, Nummulites, Operculina, Amphistegina, et cetera). 

At the western side of Chalky Mount these gritty silts are still 
well developed in the middle part of the Chalky Mount beds, and are 
rich in mollusks and Discocyclina, but towards the east they are more 
and more replaced by well bedded whitish and purplish sands and 
silts, and by coarse-bedded white gritty sands, enclosing large concre- 
tionary lenses of hard calcareous grit. The thickness of the middle 
Chalky Mount beds attains 50-55 meters at Chalky Mount. 

At Spa and Chalky Mount the uppermost part of the Chalky 
Mount beds consists of an alternation of white, friable, coarse, gritty 
sands, white medium-grained sands with gritty nests, banded sands 
and gray, more or less gritty silts. At both places, towards the base, 
there is a characteristic bed of hard, cemented conglomeratic calcare- 
ous grit of approximately 1 meter thickness, containing small echi- 
nids at Chalky Mount. At this locality the white grits also enclose 
some large concretionary lenses of hard cemented grit, weathering out 
in the form of a rosary. 

The upper Chalky Mount beds have furnished the writer at 
Chalky Mount with some Discocyclina, Nummulites, Operculina, while 


* Similar occurrences which prove this hypothesis more clearly have been observed 
by the writer in the Lower Cretaceous Flysch of the Algerian Coastal Atlas, which 
lithologically shows a striking resemblance to the Scotland formation of Barbados. 
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at Spa they seem to be barren; the thickness is between 32 and 38 
meters at Chalky Mount, 22 meters at Spa. 

The Chalky Mount beds pass gradually to the overlying Mount 
All beds, the boundary being chosen on top of the uppermost occur- 
rence of grit. 

In the northern part of the Scotland district the Chalky Mount 
beds are not as well developed as at the type locality and at Spa. At 
Belle Hill there is a conglomerate near the base, which can be traced 
as far as the western slope of the Lowes Ridge, but the compact mass 
of the ‘‘Lower Grits” is more and more replaced by finer sands and 
silts. In the Lowes Ridge section another conglomerate appears—be- 
tween 45 and 60 meters above the base—in five individual ledges and 
some smaller lenses in the middle of a sequence of gray and lilac- 
colored silts. 

From Lowes westward, the grits are almost completely replaced 
by finer sands and silts and in Turner’s Hall it is no longer possible to 
separate Murphys and Chalky Mount beds. 

At Ragged Point in southern Barbados the lithology of the Chalky 
Mount beds differs from the one of the type section in that the grits 
are cemented. 

The total thickness of the Chalky Mount beds varies between go 
and 200 meters. The notable increase of the thickness towards the 
southeast shows that the source furnishing the clastic material was 
located southeast of Barbados and not to the west, as suggested by 
Hess (Lit. 25, p. 89). 

Mount All beds.—In the area around Mount All, the Mount All 
beds are highly folded and contorted, making a study of their sequence 
very puzzling. On the other side, a very good section is exposed on the 
Lowes Ridge, not only showing 230 meters of Mount All beds, but 
also the whole sequence of the Scotland formation as far down as | the 
upper part of the Morgan Lewis beds.® 

The Mount All beds consist of .a uniform alternation of gray and 
lilac-colored silty and sandy shales, some with brown ferruginous 
streaks, brownish thinly bedded sands, red-brownish carbonaceous 
banded and foliated sands (similar to Murphys beds) and white, 
massive, friable, medium- to coarse-grained sands, some of them a 
little gritty. The sands by far predominate over the silts. As in the 
Murphys beds, there are rare lenses of gray calcareous sandstone or 
sandy limestone, some of it glauconitic and containing bands rich in 
Bryozoa and Discocyclina. 

In the outcrop, the Mount All beds can hardly be distinguished 


5 This section has been sampled for heavy-mineral studies kindly undertaken for 
the writer by H. Hedberg. 
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from the Murphys beds, and as fossils are exceptionally rare in both 
subdivisions, it is ordinarily only the position above or below the 
Chalky Mount beds which allows one to distinguish between them. 

Up to the present fossils have been obtained from only four locali- 
ties, of which three come from the lenses of sandy limestone pre- 
viously described. The fourth, from brown loose sands, furnished the 
writer with interesting smaller Foraminifera and abundant discoidal 
Discocyclina; also common Discocyclina of the asterocycline type. 

The thickness measured in the Lowes Ridge section is 230 meters, 
but the sequence there is not complete on the top. From a well drilled 
in the upper Mount All valley, the total thickness of the Mount All 
beds seems to be as much as 500 meters. 

The Mount All beds form the youngest part of the Scotland for- 
mation. After their deposit, important orogenic movements occurred, 
which caused the emergence of Barbados and brought the Scotland 
sediments into a highly complicated structure, with thrust faults 
striking southwest-northeast, the movement of the thrust being di- 
rected from northwest to southeast. 


AGE OF THE SCOTLAND FORMATION 


Up to the present time the age of the Scotland beds has been de- 
termined solely by the fauna from the Chalky Mount conglomerates. 
This fauna was first studied by R. Bullen Newton in 1922, but his 
report has not been published (see Lit. 41). The locality from which 
most of his fossils were derived and which is indicated as ‘‘2 miles SW. 
of Bissex Hill,” seems to be Spa. Bullen Newton arrived at the con- 
clusion that the ‘fauna indicates an age that may be summed up in 
the compound term, Bartonian-Priabonian.” 

Trechmann (Lit. 68, p. 487) in 1925 arrived at a more precise con- 
clusion in stating that the fauna “has much affinity with the Clai- 
borne facies of Alabama, the Eocene of Nigeria found at Ameki, and 
the Lutetian and probably more to the Bartonian of Europe. The 
horizon of the fauna seems to be high in the middle Eocene, or rather 
low in the upper Eocene (Lutetian-Auversian-Bartonian).” | 

The fauna of larger Foraminifera, discovered by the writer in 1937 
in all the three subdivisions of the upper Scotland formation, seems to 
confirm the middle Eocene affinities already mentioned by Trech- 
mann. At the present time the writer’s conclusions can be based only 
on generic determinations, but he soon hopes to have at his disposal 
the determinations of Mrs. M. de Cizancourt in Paris and T. W. 
Vaughan in Washington, who kindly undertook the study of our 
Nummulites and Orbitoides. 
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The fauna is as follows. 


Murphys beds 
Discocyclina (Discocyclina), several species 
Discocyclina (Asterocyclina) ?, very rare 
Nummulites sp. 
Operculina sp. 
Amphistegina cf. lopeztrigot Palmer 

Chalky Mount beds 
Discocyclina (Discocyclina), several species 
Nummiulites sp. 
Operculina sp. 
Amphistegina cf. lopeztrigot Palmer 

Mount All beds 
Discocyclina (Discocyclina), several species 
Discocyclina (Asterocyclina) sp. 
Amphistegina cf. lopeztrigot Palmer 


The most striking character of this fauna is the complete absence 
of the genus Lepidocyclina, so abundant in the upper Eocene of the 
whole Antillean-Caribbean region. An age older than the upper Eo- 
cene is therefore indicated for the upper Scotland formation. On the 
other hand the presence of the subgenus Asterocyclina, which up to 
now was reported in America only from the upper Eocene, but which, 
according to a verbal communication of Th. F. Grimsdale (9/3/1938) 
occurs in the middle Eocene of Mexico,® indicates that the upper 
Scotland formation must be placed in the middle Eocene, an opinion 
with which Trechmann’s aforementioned statement is not in contra- 
diction. The abundance of Amphistegina of the group of A. lopestrigoi 
Palmer, which has been described from the middle Eocene of Cuba 
and Mexico (Lit. 81, p. 233) supports a middle Eocene age of the upper 
Scotland formation. 

In a recent publication (Lit. 85, p. 240) R. Rutsch described the 
occurrence of the gastropod genus Tubulostium from the upper Scot- 
land formation of Barbados (Murphys and Chalky Mount beds). The 
author states that the presence of this genus makes it certain that 
the upper Scotland formation has to be placed in the Eocene, but 
leaves it open, whether it should be considered as middle or upper 
Eocene, the resemblance of the Barbados Tubulostia with those of the 
Boca de Serpiente formation of Trinidad rather pointing to upper 

6 In Europe the first appearance of A sterocyclina occurs in the Ypresian (upper part 


of lower Eocene) of the Vicentine, while in the Aquitaine and in Morocco the sub- 
genus is known only from the Lutetian (middle Eocene) (Lit. 56, pp. 100-101). 
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Eocene. However, since the publication of Rutsch’s paper, the writer 
has sent him more and better preserved material, which enabled 
Rutsch now to state, that the species from Barbados is definitely differ- 
ent from the one of the upper Eocene of Trinidad (letter of Dr. Rutsch 
to the writer, dated 15/5/40). This again indicates for the upper 
Scotland formation an age older than upper Eocene, and most prob- 
ably middle Eocene. The lower Scotland formation, which underlies 
the upper Scotland in continuity and transition, then has to be re- 
garded as of lower Eocene age, an opinion for which some support is 
furnished in the chapter on the Joes River beds (see p. 1572). 


TYPE OF SEDIMENTATION AND ORIGIN OF CLASTIC MATERIAL 

The Scotland formation throughout is apparently the deposit of a 
shallow, muddy sea, traversed by numerous currents, with localized 
ingress of fresh water probably derived from smaller torrents and al- 
most purely clastic sedimentation. Its great thickness indicates that 
the region in which it was laid down was rapidly and continuously 
subsiding. 

The Scotland formation shows the typical aspects of the Flysch 
facies, that is, thick and uniform alternation of shales and sands, 
difficult to subdivide on account of the absence of marked lithological 
changes and the scarcity of fossils.” 

In considering the problem concerning the source of the terrige- 
nous material contained in the Scotland formation, the writer is for- 
tunate enough to be able to use some of the interesting results of the 
petrographical studies recently carried through by H. Hedberg. 

Besides the quartz, which forms the major element of the sands, 
feldspar is common in 109 of a total of 113 samples (this in contradic- 
tion to Matley’s statement, Lit 41). Among the heavy residues 
Hedberg recognized: 


Abundance in Number of Samples 
Individual Samples in Which Present 
Black opaques abundant to common 113/113 
(largely ilmenite) 
Leucoxene common to rare 113/113 
Zircon common to rare 112/113 
Tourmaline rare 89/113 
Garnet common to rare 102/113 
Staurolite rare 103/113 
Sillimanite very rare 11/113 
Kyanite rare 63/113 
Andalusite rare 8/113 
Topaz rare 42/113 
Glaucophane very rare 5/113 


? The Flysch is a typical orogenic sediment deposited along the borders of rapidly 
subsiding geosynclines. The terrigenous sedimentation is alimented by narrow island 
cordilleras named geanticlines, whose relief is continuously renewed by the orogenic 
forces (see Gignoux’s masterly exposition, Lit. 17, pp. 4, 12-15, 552-553, and the excel- 
lent recent article of Tercier, Lit. 63). 
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Abundance in Number of Samples 

Individual Samples in Which Present 
Epidote common to rare 62/113 
Zoisite-clinozoisite abundant to rare 61/113 
Rutile rare g1/113 
Anatase very rare 7/113 
Brookite very rare 4/113 
Chloritoid common to rare 90/113 
Hypersthene fairly common to rare 9/113 
Augite fairly common to rare 5/113 
Titanite rare 17/113 
Corundum very rare 1/113 


The presence of garnet, staurolite, sillimanite, kyanite, andalusite, 
glaucophane, epidote, zoisite-clinozoisite, chloritoid, and titanite in 
the mineral assemblage indicates that it was probably in large part 
derived from metamorphic rocks of dynamo-thermal origin. The pres- 
ence of topaz suggests contact zones among the source rocks. The 
quartz pebbles of the Chalky Mount beds seem most probably de- 
rived from vein quartz (see p. 1555). 

Special mention must be made of the occurrence of pyroclastic 
pyroxenes (hypersthene and augite), whose volcanic origin, according 
to Hedberg, is “‘clearly indicated by glass borders on the euhedral 
crystals.” 

Of the 10 samples in which pyroclastic pyroxenes occur, 7 are from 
the Chalky Mount grits and conglomerates. The remaining 3 come 
from a sandy-gritty intercalation in the claystone shales of the Mor- 
gan Lewis beds. This rather suggests that the pyroclastic minerals 
have been brought together with the grits by the currents, and there- 
fore would be derived from reworked pyroclastic rocks, occurring 
amongst the metamorphic rocks from which the bulk of the accom- 
panying minerals comes. A derivation from ash falls of near-by vol- 
canoes, contemporaneous with the Scotland sedimentation, does not 
seem probable to the writer, owing to the fact that the pyroclastic 
pyroxenes are “fairly common” in only three of the samples and rare 
in all the others. Moreover, it would be peculiar if such ash falls 
should always have coincided with a gritty phase of the Scotland 
sedimentation. 

Taking into account the Flysch character of the Scotland sedi- 
ments (see p. 1560) and the fact that the Chalky Mount grits notably 
increase in thickness in a southeasterly direction(see p. 1557) it has to 
be assumed that the clastic material contained in the Scotland forma- 
tion was derived from an emerging geanticlinal ridge passing south of 
Barbados and mostly built up by metamorphic rocks traversed by 
quartz veins and possibly including bodies of acid and basic igneous 
rocks. The writer thinks that this cordillera was a forerunner of the 
important chain of metamorphic rocks represented to-day by the 
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Northern Range of Trinidad, the Caribbean Coast Range of northern 
Venezuela and some smaller remnants, as the islands of Tobago and 
Margarita. 

According to Rutten (Lit. 50, p. 829), the Venezuelan coast range 
near Puerto Cabello and La Guaira is largely built up by gneisses and 
rarer mica schists, belonging partly to the epi-zone, mostly to the 
meso-zone and possibly also to the kata-zone of metamorphism. S. E. 
Aguerrevere and G. Zuloaga (Lit. 1, pp. 7 and 8) think that the ad- 
vanced metamorphism shown in the Cordillera de la Costa proper is 
partly due to regional metamorphism and partly to—mainly acid— 
igneous intrusions. They state that the core of this range is chiefly 
composed of a granitic gneiss and an augen gneiss formed by injec- 
tions, lit parlit,of a granitic magma into a laminar rock of sedimentary 
origin. Basic intrusions are also mentioned from the Cordillera de la 
Costa (loc. cit., p. 9). 

The southern part of the Caribbean Coast Range, called Serrania 
del Interior, is built up by two cycles of metamorphosed sediments of 
probably Mesozoic age, but the metamorphism is not as advanced as 
in the Cordillera de la Costa proper. Basic igneous intrusions are 
found within both cycles (loc. cit., p. 19). 

Higher metamorphic rocks are also outcropping on the Isla Mar- 
garita, according to a verbal communication received from H. Hess 
(20/7/1939). 

In the Northern Range of Trinidad there are two systems of rocks: 
the older and more metamorphic one consists mainly of phyllites 
with abundant lenses and veins of quartz and interbedded crystalline 
limestones. The discovery of upper Tithonian ammonites by A. G. 
Hutchison (Lit. 26) proves that this sytem represents Jurassic. The 
younger system is composed of less metamorphosed, calcareous, shaly 
and sandy sediments, which have furnished C. T. Trechmann (Lit. 
71 and 64) with fossils of Upper Cretaceous age. The presence of 
quartz veins in these rocks (Lit. 36, p. 2, stop 2) shows that the vein- 
quartz injection is post-Upper Cretaceous. An augite andesite with 
associated tuffs* is found at Sans Souci, altering the surrounding 
Cretaceous sediments (Lit. 39, 71 and 36). 

The metamorphic rocks building up the northern part of Tobago 
consist, according to Trechmann (Lit. 70, p. 482), mainly of talc-mica 
schists and schistose grits containing many quartz veins and inclu- 
sions. Basic igneous rocks (epidiorites, dolerites, gabbros) form more 
than half of the island (Joc. cit., p. 481). 

Thus, from the foregoing outline it seems possible that the clastic 


8 According to A. G. Hutchison’s statement made during the Trinidad Geological 
Conference, April, 1939. 
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material of the Scotland formation is derived from a forerunner of the 
actual mountain chain extending from the Caribbean Coast Range of 
Venezuela to the Northern Range of Trinidad and to Tobago, although 
in these last mentioned islands the rocks show a lesser degree of meta- 
morphism than is required by the mineral content of the Scotland 
formation. But it could easily be assumed that by an axial rise, higher 
metamorphic beds came to the surface in the sector of the chain, pass- 
ing south of Barbados. On the other hand, the abundance of quartz 
lenses and veins occurring in the Northern Range of Trinidad and in 
Tobago, would form an excellent source for the Chalky Mount grits 
of Barbados. Quartz crystals, as are frequently found in the Chalky 
Mount beds in a rolled state, are equally common in the Northern 
Range of Trinidad, as the writer saw for himself in 1938 while on an 
excursion with H. G. Kugler. 

The reason why pebbles other than quartz are so rare in the 
Chalky Mount conglomerates may be that the softer pebbles have 
been completely smashed during transport, while only the hard peb- 
bles of vein quartz could resist. However, it may be mentioned again 
that the writer has found, besides the vein-quartz pebbles, some rare 
pebbles of clastic quartzite, which could be derived from the quartz- 
itic sandstones interbedded with the schists in the Northern Range. 
Besides, Trechmann (Lit. 41) has discovered at Sunbeam ‘“a-small 
piece of crystalline limestone (coarse-grained marble), like that of the 
Northern Range of Trinidad or Isle of Pines.” 

Trechmann (Lit. 71, p. 174) and Dighton Thomas (Lit. 64, p. 
179) conclude that the metamorphism of the rocks building up the 
Northern Range of Trinidad is due to orogenic movements which took 
place subsequent to the deposition of the Upper Cretaceous sediments 
and which led to the erection of this mountain chain. The writer 
agrees with these authors in considering the alteration of the Meso- 
zoic sediments of the Northern Range as a dynamo-metamorphism ac- 
quired during the erection of this mountain chain, but he thinks that 
another important cause of the metamorphism is the syntectonic in- 
jection of vein quartz, which might be derived from a deep-seated 
intrusion of a granitic magma. It is obvious that the vein-quartz in- 
jection is of post-Upper Cretaceous age, and as, on the other hand, 
this vein quartz seems also to be contained as pebbles in the Scot- 
land formation of Barbados of lower and middle Eocene age, we must 
conclude that the orogenesis causing the metamorphism and leading 
to the erection and denudation of the Northern Range and its eastern 
and western prolongations must have taken place near the Creta- 
ceous-Eocene boundary. 

Summarizing the statements made concerning the source of the 
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clastic material contained in the Flysch facies of the Scotland forma- 
tion, it seems most probable that it is derived from the metamorphic 
rocks of an island cordillera which, from the Northern Range of Trini- 
dad, extended to Tobago and passed south of Barbados into the 


Atlantic. 
CORRELATION 


Trinidad.—The only formation in Trinidad which resembles the 
Scotland formation lithologically is the Pointe-a-Pierre formation, 
consisting of an alternation of variegated silts and shales, flaggy sand- 
stones and massive grits. On the basis of this lithological similarity, 
which also calls for a similar origin, H. G. Kugler has correlated the 
Pointe 4 Pierre formation with the Scotland formation of Barbados 
(Lit. 34, p. 1444). is 

During the session of the Trinidad Geological Conference in April, 
1939, however, H. G. Kugler (Lit. 37) expressed the opinion that the 
Pointe 4 Pierre formation may be of Cretaceous age, thus taking up 
the idea of V. C. Illing (Lit. 28, p. 12). To-day most of the Trinidad 
geologists favor again a lower or middle Eocene age of the Pointe a 
Pierre formation, a view supported now by paleontological evidence 
(for instance, Discocyclina sp.). 

Concerning the source from which the Pointe 4 Pierre formation 
received its clastic material, an unmistakable indication is furnished 
by the fact that the Pointe 4 Pierre formation reaches a great develop- 
ment in the Central Range, but is unknown in southern Trinidad. The 
source of its clastic material therefore seems to lie in the north, .point- 
ing again to the Northern Range. 

From this it seems that the Pointe 4 Pierre formation of central 
Trinidad could be defined as an Eocene Flysch facies deposited along 
the southern slope of the Northern Range, the Scotland formation as 
an Eocene Flysch facies deposited along the northern slope of an 
eastern prolongation of the Northern Range. The striking difference 
in the heavy mineral assemblages of the two formations could be ex- 
plained by the assumption that the poor assemblage of the Pointe a 
Pierre formation was derived from the lesser metamorphosed beds 
outcropping actually in the Northern Range of Trinidad, whereas the 
rich assemblage of the Scotland formation was derived from higher 
metamorphic beds, coming to the surface towards the east on account 
of an axial rise. 

The orogenic movement, which caused the emergence of the North- 
ern Range at the Cretaceous-Eocene boundary, seems to have been 
confined to a narrow belt along this chain, because already in southern 
Trinidad an unconformity between Cretaceous and Eocene seems to 
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be absent, as is suggested by the occurrence of uppermost Cretaceous 
and lowermost Eocene sediments. In fact the upper Tarouba formation 
(upper Argiline Hobson Clay, Lizard Spring beds) contains a fauna 
of small Foraminifera almost identical with the one of the Tamesi 
formation (= Velasco shales) of Mexico, which according to the latest 
information available is considered as Danian (Lit. 84, p. 91). On the 
other hand, the Soldado (= Marac) formation has been correlated with 
the Midway by Maury (Lit. 83) and recently Rutsch has confirmed 
this age determination (Lit. 35, p. 19) and has even pointed out that 
the Soldado-Marac fauna probably represents Montian (oral com- 
munication, June, 1939). Therefore it seems that, during the time the 
Northern Range was rising from the sea at the Cretaceous-Eocene 
boundary, there was continuous marine sedimentation in southern 
Trinidad. However, the emergence of the Northern Range seems to be 
reflected in the sedimentation of southern Trinidad by the appearance 
of a sandy and slightly conglomeratic shallow-water facies in the 
Soldado formation, following the clayey-marly sedimentation of the 
upper Tarouba formation. 

Eastern Venezuela.**°—According to H. Hedberg’s valuable paper 
on the Rio Querecual section, lower and middle Eocene seems to be 
missing in eastern Venezuela, the “Paleocene” being directly overlain 
by the upper Eocene (Lit. 23, pl. 9). However, on several occasions 
Hedberg expressed the view to the writer, that parts of the Santa 
Anita and the Merecure formations might represent lower or middle 
Eocene. This opinion seems partly to be confirméd by Hedberg’s 
recent discovery of an orbitoid bed, containing Asterocyclina, in the 
uppermost part of the Santa Anita formation on the Rio Querecual 
(Hedberg’s letter of 4/3/40). 

Isla Margarita.**—During the last meeting of the Trinidad Geo- 
logical Conference in April, 1939, C. Gonzalez de Juana made the 
interesting communication that he had seen an orbitoid-bearing sand- 
stone formation on the island of ‘Margarita, off the north coast of 
Venezuela. More detailed observations have recently been made by 
H. Hedberg, who writes the following on the Eocene section of Isla 
Margarita (letter dated 4/3/40). 


Coarse pebble and cobble conglomerates at the base, grading upward into a 
sandstone and shale series with a minor‘amount of grits intercalated. Found 
abundant Discocyclina in the lower part of the sandstone-shale series. I rather 
imagine that this Margarita section is equivalent to some part of your Scot- 
land beds. 


8@ The writer is gratefully indebted to H. Hedberg for giving him permission to men 
tion some of his recent observations made in eastern Venezuela and on Isla Margarita. 
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The writer agrees with H. Hedberg’s last statement and hopes 
that the latter will soon be able to give further details about the 
paleontology and the mineralogy of this interesting formation and its 
relation to the metamorphic beds cropping out on the same island. 

Isla Margarita seems to belong to a similar but slightly different 
facies zone from Barbados, the paleogeographic elements being from 
south to north the following. 

Orinoco Basin—Trinidad 

Caribbean Coast Range—Northern Range of Trinidad-Tobago 
Isla Margarita (with metamorphic basement) 

Barbados (basement unknown, but presumably Cretaceous) 
Curacao Ridge—arc of the Lesser Antilles 

Northwestern Venezuela.—An excellent correlation is possible with 
the Maracaibo Basin, where there is—conformably interbedded be- 
tween uppermost Cretaceous and upper Eocene—a thick and uniform 
alternation of quartz sandstones, quartzites, shales, and sandy shales. 
Clay-ironstone is common and coal seams are found through the whole 
formation, but are especially numerous near the base. These deposits, 
which reach the immense thickness of 2,500 meters, are very difficult 
to subdivide on account of the scarcity of fossils and the frequent 
lateral facies changes; they have been named Guasare formation, La 
Sierra sandstone, Paso Diablo formation, Mostrencos formation on 
the western side of the Maracaibo Lake (Lit. 24) and Misoa-Trujillo 
formation on the eastern side (Lit. 62). The lithological similarity 
between these formations—which the writer has studied in central 
Falcén and Lara—and the Scotland formation is striking, the only 
difference being that in Venezuela the sands are mostly transformed 
into hard quartzitic sandstone, and the silts into hard silty shales. 

The ages of the two formations correspond as well: in Barbados 
the upper Scotland formation has—according to its orbitoid fauna— 
to be attributed to the middle Eocene; the lower Scotland, being in 
transition with the upper Scotland, to the lower Eocene. In Vene- 
zuela, the lower and middle Eocene age of the Misoa Trujillo forma- 
tion and its western equivalents is mainly based on the fact that at 
its base it is found in transition with the Mita Juan and Rio de Oro 
formations of uppermost Cretaceous age (Lit. 24, p. 86, and Lit. 3r1,. 
p. 48), while at its top it passes by transition to the Pauji shales and 
the Mene Grande formation, both undoubtedly of upper Eocene age 
(Lit. 62 and 56). 

This indirect correlation is supported by the presence of a mollusk 
fauna in the Guasare formation, which correlates it with the Soldado 
formation of Trinidad, of Midway age (Lit. 48). With this the strati- 
graphical position of the Guasare formation at the base of the sand 
formation is in perfect agreement. 
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The Misoa Trujillo formation can be followed from Maracaibo 
through the states of Lara and Falcén—where it is called Mojino 
quartzites (Lit. 21, p. 189) and Paraiso beds—as far as the eastern 
border of the Paraguana uplift; here it disappears under the younger 
sediments of east Falcén. The most easterly occurrence of the Misoa- 
Trujillo formation seems to be the one mentioned by Kehrer on the 
northern foot of the Caribbean Coastal Range between El Palito and 
Urama (Lit. 30, p. 63). 

Where the contact between the shales of the Upper Cretaceous 
and the sands of the lower Eocene can be observed on the western 
border of the Maracaibo Basin and in Tachira, it seems to be strictly 
conformable and transitional, some smaller sandstone beds already 
appearing in the Mito Juan and Rio de Oro formations. However, the 
appearance of a sand formation of the enormous thickness of 2,500 
meters on top of a pure shale formation, is not only explained by ad- 
mitting that sedimentation has changed from the bathyal type to the 
neritic and estuarine type, but it seems obvious that a source for the 
clastic material and the coal contained in the Misoa Trujillo formation 
must have arisen, which did not exist during the time of entirely 
shaly-calcareous deposition of the Upper Cretaceous epoch. 

Where was the source of this clastic material and how did it 
originate? 

In the highly mountainous country which Venezuela presents to- 
day, the conception can at once be excluded that the arrival of abun- 
dant clastic material in the north Andean geosyncline is due to a posi- 
tive movement of the stable Guayana Shield, but it seems natural to 
admit that the source of this clastic material was created by some 
precursory orogenic movement preluding the following paroxysm. 

An emergence of the Cordillera de Mérida at the end of the Cre- 
taceous period does not seem probable, since, according to Kehrer 
(Lit. 31) and Kiindig (Lit. 38, p. 31), the outcrops in this mountain 
range seem to prove a strict conformity and transition at the Cre- 
taceous-Eocene boundary.® 

Wiedenmayer asserts that the Sierra de Perijé was folded up dur- 


® However, the writer would like to draw attention to the fact that conformity and 
transition on one side, unconformity on the other side, are often found very close to- 
gether in geosynclinal basins traversed by geanticlinal ridges. 

The writer not long ago had the opportunity to study such conditions in the coastal 
Atlas of Algeria, where, during the Miocene and Pliocene epochs, several movements 
occurred on the Dahra geanticline, leading to unconformities, whereas in the closely 
lying Chélif geosyncline there was continuous sedimentation. In the perfect outcrops 
of these semidesert countries it was possible to follow from the ridge the decreasing un- 
conformity step by step to the point where it dies out in the geosynclinal basin. Such 
slight unconformities can naturally be detected only by detail mapping supported by 
exact stratigraphical studies, and would easily be obliterated by succeeding orogenic 
movements. 
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ing the lower Eocene, because ‘lower middle Eocene is seen over- 
lapping on an eroded Cretaceous surface in western Mara district” 
(Lit. 80, p. 222). 

The hypothesis which seems most probable to the writer is, that 
the Cordillera de la Costa was rising from the sea at the close of the 
Cretaceous period. Most geologists agree that this mountain chain is 
the prolongation of the Northern Range of Trinidad, which, as we 
have already seen, seems to have suffered an orogenesis at the Cre- 
taceous-Eocene boundary, accompanied by a metamorphism of its 
Cretaceous and Jurassic sediments. 

S. E. Aguerrevere and Zuloaga (Lit. 1) make it seem probable that 
the largest part of the metamorphic rocks which build up the Cor- 
dillera de la Costa has to be considered as metamorphosed Cretaceous, 
especially the “Caracas group,’”’ which shows the same sequence of 
beds as the unaltered Cretaceous sediments in the area on the west. 
The important contribution of Kehrer (Lit .30, pp. 59-60), who, in the 
eastern part of Lara, could clearly observe the transition from normal 
to metamorphosed Cretaceous sediments, can leave but little doubt 
that the opinion expressed by the Venezuelan geologists is correct. 

The hypothesis that the Cordillera de la Costa had suffered an 
orogenesis accompanied by metamorphism at the close of the Cre- 
taceous period, whereas the Cordillera de Mérida was still under water, 
would give us a sound explanation for the fact that the Cretaceous 
sediments are represented by their normal unaltered facies in the Cor- 
dillera de Mérida, and by a metamorphic one in the Cordillera de la 
Costa. 

The probability of this hypothesis is enhanced when one considers 
that in the metamorphosed Cordillera de la Costa, quartz-bearing 
rocks which could furnish the clastic material contained in the Misoa 
Trujillo formation were lying on top, while in the Cordillera de Méri- 
da several hundred meters of shaly and calcareous Cretaceous sedi- 
ments would have to be eroded before any quartz-bearing rocks could 
be reached. 

Dutch Leeward Islands (Curacao, Bonaire, Aruba).—A correlation 
of the Scotland formation with the Midden Curacao formation of 
Curacao and the Soebi Blanco conglomerate of Bonaire seems to be 
indicated, but before entering into a description of these formations 
it is, for a clearer understanding, necessary to give a short summary 
of the geology of these islands (see Lit. 43, 46, 47, 53, 78, 79)- 

The oldest formation cropping out on the three Dutch islands is 
the Diabas-schist-tuff formation, consisting of a thick alternation of 
various diabases, various porphyrites, various diabas- and porphy- 
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rite-tuffs (in places containing Radiolaria and Foraminifera), dia- 
bas- and porphyrite-breccias and conglomerates, dark schists and 
shales, black cherts and radiolarites, chert breccias, silicious lime- 
stones and dark gray dense limestones in thin beds. This formation has 
been named Aruba formation in Aruba, Diabas formation and Knip 
formation in Curacao and Washikemba formation in Bonaire, where 
it reaches the enormous thickness of at least 5,000 meters (see. Lit. 
47, P- 9). 

The Diabas-schist-tuff formation is thought to be of Upper Cre- 
taceous age, and the great resemblance existing between the cherts of 
the Knip and Washikemba formations and those of the Venezuelan 
La Luna formation suggests that the latter formation might be com- 
prised in the Diabas-schist-tuff formation of the Dutch Leeward 
Islands. 

The formation seems to have been laid down under geosynclinal 
conditions in a rapidly subsiding sea, whose sedimentation was ali- 
mented by submarine volcanoes furnishing the various lava flows and 
the loose material contained in the tuffs and volcanic agglomerates. 

The Diabas-schist-tuff formation is unconformably overlain in 
Curacao by the Seroe Teintje limestone containing a rudistid fauna 
considered of Campanian-Maestrichtian age (Lit. 47, p. 32). In Bo- 
naire the corresponding beds, unconformably overlying the .Washi- 
kemba formation, have been named Rincon formation and reach a 
thickness of 200 meters. They consist of limestones, conglomeratic 
limestones and conglomerates. The limestones contain many ill-pre- 
served fossils: gastropods, bivalves, nautiloids of the genus Herco- 
glossa, corals, Foraminifera and Liihothamnium. The presence of the 
genus Globotruncana indicates Cretaceous, while the occurrence of the 
genus Orbitoides shows that these beds belong to the uppermost Cre- 
taceous (Campanian-Maestrichtian) and enables one to correlate 
them with a part of the Havana formation of Cuba and the Blue 
Mountain formation of Jamaica; both containing the genus Orbi- 
toides. 

The Seroe Teintje limestone and the Rincon formation have to be 
considered as a near-shore facies deposited along a ridge which was 
created during the preceding orogenesis. A first intrusion of grano- 
diorite probably accompanied this orogenesis, as is suggested by the 
presence of rare granodiorite pebbles in the Rincon conglomerates, 
besides the more common pebbles of Washikemba rocks, as cherts, 
diabases, porphyrites and tuffs. 

After the deposition of these uppermost Cretaceous formations, 
the Dutch Leeward Islands suffered a strong orogenesis which led to 
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the intrusion of an important diorite batholith in Aruba and caused 
strong contact metamorphism of the rocks of the older Diabas-schist- 
tuff formation, changing the diabases into uralite diabases, the tuffs 
into hornblende schists. Westermann (Lit. 79, p. 30) has ably demon- 
strated that the contact metamorphism has been accompanied by a 
contemporaneous dynamo-metamorphism, because ‘“‘the hornblende 
needles and fibres, resulting from the contact metamorphism, lie 
parallel in most of the hornblendized tuffs”.... “Moreover, the 
banded structure in these rocks must have come into existence, thanks 
to a folding process, during the invasion of vein material, the latter 
connected with the diorite intrusion.”” So Westermann comes to the 
conclusion ‘‘that the diorite batholith intruded during the folding of 
the older formation.” The same is proved by the strike of the various 
dikes deriving from the batholith, which coincides with the strike of 
the schistose and tuff rocks. 

Similar intrusions of quartz diorites are known from northwestern 
Curacao, while in Bonaire only one dike of porphyritic quartz diorite 
could be recognized (Lit. 47, p. 29). Similar plutonic rocks are also 
reported from the small Venezuelan islands lying between Bonaire 
and Grenada. The observation of S. E. Aguerrevere and Lopez (Lit. 
2), that in Gran Roque the quartz diorite is intruded from below into 
diabase, is of the greatest importance, showing that conditions here 
were similar to those present in Aruba and Curacao. Moreover, it 
is a certain proof that the Venezuelan islands from Los Roques to 
Los Hermanos are the prolongation of the Dutch Leeward Islands (as 
already assumed by Rutten, Lit. 51, p. 105), and have to be considered 
as the ruins of an important mountain chain folded up at the close of 
the Cretaceous period. 

Unconformably overlying the Diabas formation, the Knip forma- 
tion and the Seroe Teintje limestone, we find in Curacao the Midden 
Curacao formation (Lit. 78). It consists of a basal conglomerate zone, 
attaining in central Curacao a thickness of 200-550 meters, of a mid- 
dle sandstone zone and an upper shale zone, the two latter together 
reaching a thickness of 700 meters. The conglomerates have a cal- 
careous cement and contain fragments of Lithothamnium, Mollusca 
and Foraminifera. The pebbles are mostly derived from the underly- 
ing Diabas-, Knip-, and Seroe-Teintje formations, but there are also 
foreign constituents, such as amphibolites, mica schists and mi- 
crocline gneisses. The sandstones, chiefly composed of angular to 
rounded quartz, mica and rounded chert grains, are in some places 
very calcareous and alternate with limestones. 

In Bonaire, the corresponding formation has been named Soebi 
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Blanco conglomerate (Lit. 47). It attains a thickness of 400 meters 
and consists of coarse conglomerates with calcareous cement and of 
conglomeratic calcareous sandstones. Besides pebbles derived from 
the underlying Washikemba and Rincon formations, there is an abun- 
dance of foreign pebbles such as granodiorites, gneisses, quartzites, 
amphibolites, etc. 

The age of the Midden Curacao beds and the Soebi Blanco con- 
glomerate is indicated by the fact that they are younger than the 
Seroe Teintje limestone and the Rincon formation of uppermost Cre- 
taceous age, younger also than the granodiorite intrusions, of which 
they contain pebbles, and older than the upper Eocene Seroe di Cueba 
(Lit. 53) and Seroe Montagne limestones (Lit. 47), by which they are 
overlain unconformably. A lower or middle Eocene age therefore has 
to be attributed to the Midden Curacao formation and the Seroe 
Blanco conglomerate, an opinion corroborated by Trechmann’s ex- 
amination of Midden Curacao fossils (Lit. 47, pp. 37-38). 

It follows from this that the Midden Curacao formation and the 
Soebi Blanco conglomerate have to be considered as approximate time 
equivalents of the Scotland formation of Barbados and the Misoa- 
Trujillo formation of northwestern Venezuela. The lithology also 
shows similarity as all these formations are built up by clastic material 
derived from terrestrial denudation. But there is a very marked differ- 
ence: whereas the Scotland formation is entirely built up of fine clas- 
tic material derived mostly from metamorphic rocks, the Midden 
Curacao beds and the Soebi Blanco conglomerate contain abundant 
pebbles of volcanic and plutonic rocks. 

L. Rutten and the other explorers of the Dutch Leeward Islands 
expressed the opinion that the foreign pebbles of the Midden Curacao 
beds and the Soebi Blanco conglomerate were derived from the Vene- 
zuelan Coast Range and more especially from the hinterland of 
Puerto Cabello (Lit. 50, p. 1022). The writer can not agree with this 
hypothesis, because the lower-middle Eocene Misoa-Trujillo forma- 
tion cropping out opposite Curacao in Falcén and Lara is of the usual 
fine clastic type and does not contain any larger pebbles. The facts 
that the Seroe Blanco conglomerate contains many pebbles from 
Bonaire itself, and that among the foreign pebbles there are grano- 
diorites and amphibolites which agree well with rocks from Aruba 
(Lit. 47, p. 37) make it probable that these pebbles are derived from 
an important mountain chain, folded up at the close of the Cretaceous 
period, and of which the Dutch Leeward Islands and the Venezuelan 
islands form only small remnants. 

On the other hand, it might not be impossible that the source of 
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some of the fine clastic material contained in the Misoa-Trujillo for- 
mation of northwestern Venezuela, might be the Curacao Ridge. 

Antillean arc and Greater Antilles.—On the islands to-day forming 
the arc of the Lesser Antilles no sediments intermediate in age be- 
tween the Upper Cretaceous chalk of Antigua (?) and the upper 
Eocene St. Bartholomew formation are known. This seems to be true 
also in Puerto Rico. On the other hand, middle Eocene is known in 
Hispaniola as the Plaisance limestone, reaching a thickness of 1,000 
meters and resting unconformably on volcanic rocks (Lit. 55, pp. 
453-54). 

In Jamaica the middle Eocene also seems to be represented by a 
calcareous facies, the “‘Yellow Limestone,” whereas the clastic Rich- 
mond formation, which has been attributed by Trechmann to the 
lower Eocene, forms the detritus of the Cretaceous volcanic forma- 
tions, reworked by a shallow sea (Lit. 55, p. 426). 

The writer would not close this chapter without drawing attention 
to the strikingly similar conditions which existed during the latter 
part of the Cretaceous and the beginning of the Tertiary period, on 
the Dutch Leeward Islands on one side and the Greater Antilles on 
the other. Both regions show: 


Upper Cretaceous sediments largely interstratified with volcanic rocks and their tuffs 


A possible unconformity within the Upper Cretaceous 
An uppermost Cretaceous, in which coral-rudistid- and orbitoid-bearing reef limestones 


are largely developed 
An important orogenesis at the Cretaceous-Eocene boundary, causing the intrusion of 


important masses of granodioritic rocks 


JOES RIVER BEDS 


Harrison and Jukes-Browne described the youngest member of 
the Scotland formation as “a great thickness of bluish-grey clay con- 
taining small quantities of petroleum” (Lit. 22, p. 13). These beds 
have later been named ‘“‘Joes River Clay” by Menzies (Lit. 65 and 
41), who still included them in the Scotland formation and who seems 
to have been the first to recognize that they have to be considered as 
the products of mud volcanoes. 

As the deposits under discussion are really not clays, the writer 
proposes to change the name into “Joes River beds,” and to consider 
them for the present as an independent unit between the Scotland 
formation and the Oceanic formation, although some observations 
suggest that they might have to be included later in the Oceanic 
formation. 

The name is derived from the Joes River valley, where these de- 
posits cover a large area and are outcropping in several deeply inter- 
sected ravines. Still better exposures exist in the area immediately 
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west of the Joes River valley, in the “barranco’’-like ravines of the 
Spa and Richmond estates. Another area of large development is in 
the Mount Hillaby syncline, on both sides of the Mount All Ridge. 

The bulk of the Joes River beds consist of dark gray silts with 
numerous angular, sharply delimited inclusions of greenish clay up 
to walnut size, giving them the typical aspect of “‘pebbly silts.”” Angu- 
lar pebbles and irregular nests and wisps of dark brown tar sand are 
also commonly included. The pebbly silts are traversed by numerous 
cleavage planes, showing slickensiding and containing free inspissated 
oil. 

At the base of the formation the pebbly silts generally show no 
stratification, and in a chaotic manner include numerous irregular 
pieces of brown claystone, angular boulders, and very large, sharply 
delimited blocks of dark brown tar sand. Pieces of black lustrous man- 
jak are also fairly common. 

Going upward in the formation, layers of well bedded silts and 
tar sands (in places containing manjak) become more and more nu- 
merous, causing a slight stratification of the beds. However, these 
tar-sand lenses and layers are generally short and reach a larger size 
only in the upper part of the formation. But even here the bedding is 
not well defined and besides the tar-sand layers, pebbles - blocks 
of tar sand persist to the top of the formation. 

A sequence of well bedded silts and tar sands in the upper part of 
the Joes River beds of the Mount All Ridge furnished some smaller 
Foraminifera, and in the western branch of the Spa River H. G. 
Kugler—on a recent excursion with the writer—discovered well pre- 
served marine Mollusca in the upper stratified part of the Joes River 
beds. The fossils, among which a large long-tailed Leda is most com- 
mon, occur in layers of tar sand, as well as in the pebbly silts and in 
lenses of gray knobby marlstone containing free oil.!° The fossiliferous 
zone in the western branch of the Spa River is about 60 meters 
thick, beginning at about 300 meters above the base of the Joes River 
beds and overlain by about go meters of non-fossiliferous pebbly silts. 

The mostly chaotic texture, the presence of typical pebbly silts and 
the enormous content of inspissated oil, leave no doubt that the Joes 
River beds have to be considered as the result of an important mud- 
volcano activity (compare Lit. 33). The presence of a stratification— 
however ill defined—and of a certainly autochthonous fauna of ma- 
rine Mollusca in the upper part of the Joes River beds, suggests that 
the mud-flows have partly occurred under the cover of a shallow sea. 


10 H. G. Kugler drew the writer’s attention to the fact that these marlstones look 
very similar lithologically to those of Freemans Bay, Trinidad. 
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The rocks composing the Joes River mud-flows are derived from the 
various parts of the Scotland formation, including blocks of con- 
glomeratic Chalky Mount grits, but the bulk of the silts with their 
conspicuous brown claystone certainly originates from the lower Scot- 
land formation. The green clay pebbles, which contain some arenace- 
ous Foraminifera, apparently are derived from the streaks of greenish 
clay so commonly interstratified in the dark gray silts of the lower 
Scotland formation (see p. 1552)." 

Among the blocks contained in the Joes River mud-flows, only 
one type of rock has been encountered up to the present which does 
not crop out at the surface in Barbados. These blocks are of hard, 
well bedded, gray, somewhat glauconitic, sandy and gritty limestones, 
rich in Lithothamnium, Discocyclina (Discocyclina), Nummulites and 
Operculina. The flat-shaped limestone blocks are often oil-impreg- 
nated and some of them contain angular inclusions of greenish silt, 
giving them a brecciated aspect. These blocks are very numerous in the 
uppermost Mount All River and the ravines at the southern slope of 
the Mount All Ridge. The writer supposes that these blocks might be 


' derived from a formation similar in age to the Pellatispirella limestone 


forming the roof of the Soldado formation on Soldado rock (Lit. 35, 
pp. 214 and 216).” 

Hess (Lit. 25, p. 89) expressed the opinion that the Joes River beds 
might be considered as a submarine landslide caused during the down- 
buckling of his “tectogene.” The writer, although admitting that the 
mud-flows—after being extruded—might have been affected by sub- 
marine landsliding, holds that the hypothesis proposed by Hess can 
not explain some of the main features of the Joes River beds, for in- 
stance their oil impregnation and the fact that they are mostly de- 
rived from the sediments of the lower Scotland formation, even in- 
cluding beds which are not cropping out to-day. 

The writer has no more doubts about the correctness of the inter- 
pretation of the Joes River beds as mud-flows since he has seen the 


11 The fact that the streaks of greenish clay furnish the pebbles, and the silts of the 
Lower Scotland formation the matrix of the pebbly silts, may be explained by a different 
mechanical reaction during the extrusion of the mud-flows. The porous silts, mixed with 
gas, oil and water, ascended in a viscous pulpy state, while the more compact clay 
was broken into pebbles. In a similar way some of the tar sands must have come up in 
a fluid state and-were redeposited in wisps, lenses and layers, while others were ex- 
truded as solid, sharply delimited pebbles, blocks, or boulders. 


12 This opinion is now fully confirmed by a letter (dated July 19, 1939) from T. W. 
Vaughan, who writes: “I rather think that I am giving you the information that you 
most wish. Your numbers S. 45, 91 and 95-99 are Lower Eocene, representing a horizon 
about equivalent to the Discocyclina and ‘Pellatispirella’ limestone of Soldado Rock, 
Trinidad. This determination, I believe, confirms your surmise as to the geologic age 
of the blocks derived from Joes River mud-flow.” 
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recent mud-flows of Iros Bay on the south coast of Trinidad (Lit. 36, 
p. 18, stop 70). 

The thickness of the Joes River beds has, up to the present, been 
exactly determined only in the south flank of the Murphys anticline 
(western branch of Spa River), where it reaches the enormous size of 
more than 450 meters. In the crest of the anticline, on the other hand, 
the thickness is reduced to approximately ro meters, while in the 
Mount Hillaby syncline, following the Murphys anticline in the north, 
the thickness is very considerable. These conditions could be explained 
by the following alternatives. 

z. There have been mud-flow vents north and south of the area 
occupied to-day by the Murphys anticline. The fact that the blocks of 
lower Eocene limestone (see p. 1574) are very numerous north of the 
anticline, but seem to be entirely missing south of the anticline, speaks 
in favor of this hypothesis. 

2. The mud-flows have been deposited in an equal thickness over 
the whole area and have been eroded in the crest of the Murphys anti- 
cline previous to the deposition of the Oceanic formation. In this case 
one would expect a conglomeratic facies at the base of the Oceanic 
formation in the crest of the Murphys anticline. This, however, is not 
the case, the Oceanics being developed there in their usual facies. 

3. The mud-flows have been extruded during the upfolding and 
through the crest of the Murphys anticline and from there flowed 
downwards into the synclines on either side, where they have accumu- 
lated in great thickness. This hypothesis, which is favored by the 
writer, is made probable by the fact that near the crest of the Mur- 
phys anticline a steeply dipping manjak vein occurs, which was mined 
until 1919 by R. H. Emtage. 

Through the courtesy of this gentleman is offered the information 
upon the conditions encountered in the manjak mines of Springvale 
Estate (see also Lit: 13), The manjak occurs here in one continuous 
vein, which has been followed in the mine over a distance of 120 
meters along the strike, without reaching the end. The strike of the 
vein is approximately northeast, that is, more or less parallel with the 
general strike in this area. The dip is approximately 45 degrees near 
the surface, but gradually becomes steeper until at a depth of 100 
meters it reaches more than 80 degrees. The average thickness of the 
vein is 0.5 meter varying from 0.15 to 1 meter, and “horses” of clay 
and sand are in places included in the manjak. The wall formation 
is composed chiefly of sand and a small proportion of clay, is much 
disturbed and shows little sign of stratification, while at the surface— 
according to the writer’s observations—the St. Andrew’s beds consist 
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of a regular, well bedded alternation of sands and silts and form a 
gently folded anticlinal core, cut by small crestal faults only. Below 
the 45-meter level gas was encountered in the manjak vein, and at 100 
meters this became strong enough to blow up mud as high as 4 meters 
from the bottom of the shaft and extinguish the safety lamps. 

These conditions suggest the Springvale manjak vein to be the 
innermost filling of a larger mud-flow vent. 

Another manjak vein was mined a little farther north, at Groves 
(Lit. 13), in the north flank of the Murphys anticline. Owing to the 
fact that in recent time this area has been affected by a big landslide, 
no accurate statement about the structural position of this vein can 
be made. However, it seems highly possible that this vein is in con- 
nection with an important strike fault, which the writer has mapped 
on both sides of the Groves landslide, and along which a migration 
of tarry oil can be recognized. 

The hypothesis seems therefore permissible that the Joes River 
mud-flows north of the Murphys anticline were extruded through the 
Groves vent, while those south of the Murphys anticline were derived 
from the Springvale vent. This would explain the presence of blocks 
of lower Eocene grit (see p. 1574) only to the north of the Murphys 
anticline. 

The Joes River beds lie with an angular unconformity on an 
eroded surface of Scotland sediments: in the north flank of the Mur- 
phys anticline they overlap from Mount All beds on Chalky Mount 
beds and finally on Murphys beds. In the same area faults can be 
observed, involving the Scotland sediments, but without disturbing 
the Joes River mud-flows. This clearly demonstrates that an orogenic 
movement preceded the deposition of the Joes River beds. On the 
other hand, there are faults—as for instance the aforementioned 
Groves fault—which affect the Scotland and the Joes River sediments, 
but do not disturb the overlying Oceanic beds, which overlap these 
faults. 

These observations clearly demonstrate that during the whole 
time of the extrusion of the Joes River mud-flows orogenic movements 
occurred, and it is obvious that the orogenesis—by creating disturb- 
ances in the Scotland sediments—was the cause of the gas pressure 
captured in the oil reservoirs being released, which allowed it to break 
through the roof of the overlying formations and extrude the mud- 
flows. 

Therefore it can be stated that the strong orogenesis occurring be- 
tween the deposition of the Scotland and the Oceanic formations 
initiated the sedimentary volcanism in Barbados. In a later chapter 
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(pp. 1584-1590) we shall see to what geological age this important 
orogenesis has to be attributed. 


OCEANIC FORMATION 
GENERAL DESCRIPTION AND TYPE SECTION 

The term “Oceanics” was introduced in 1890 by Harrison and 
Jukes-Browne (Lit. 22) to designate the formation of white chalk and 
Radiolarian earth intermediate between Scotland formation and 
Coral rock. In 1892 these authors published a very exhaustive paper 
on the Oceanic deposits (Lit. 29, b) containing, apart from a good 
description of many sections, some very detailed and highly interest- 
ing studies on the minute structure and the chemical composition of 
the Oceanic rocks and of the organic remains found in them. These 
authors were assisted in their work by the best specialists of that time, 
such as J. Murray, W. Hill, H. B. Brady, and C. A. Raisin. 

In referring to this fundamental and classical work on the Oceanic 
deposits, the writer contents himself with describing the section of 
Mount Hillaby which well exposes a great thickness of the formation 
and therefore should be designated as the type section. 

The best profile which has been measured and sampled in detail 
by the writer is exposed in the southern flank of the Mount Hillaby 
syncline, in the deeply intersected ravine which descends from near 
the summit on the eastern slope of Mount Hillaby, and on the ridge 
limiting this ravine in the south. A nearly uninterrupted succession 
of beds can be studied here, and the highest unexposed beds of the 
synclinal core were made accessible by 13 test pits (of a depth of 3 
meters) placed in distances of 10-15 meters along the cane-track 
leading from the northern to the southern peak of Mount Hillaby. 

The following succession is shown from bottom to top. 


1. Approximately 1 meter dark gray silt with greenish clay pebbles, boulders of brown 
tar sand and blocks of marlstone containing black tarry oil on cleavage planes. This 
bed forms the top of the Joes River mud-flow and encloses a nest of greenish slick- 
ensided non-foraminiferal clay 0.5—o.6 meter below the base of the Oceanics. 

2. o.1 meter greenish slickensided clay, similar to the foregoing, but containing well 
preserved Foraminifera of the genera Globigerina, Gyroidina, Globorotalia, Anoma- 
lina, Nodosaria, Cristellaria and some small fish teeth (base of Oceanic formation). 

3. 5 meters white compact marlstone rich in Globigerina and other Foraminifera 
— —_ Hantkenina alabamensis Cushman), some echinid spines and small 

sh teeth. 

4. 1.5 meters gray Globigerina marl rich in other Foraminifera (among them Hant- 
kenina alabamensis), Radiolaria and some echinid spines and small fish teeth. 

5. 18 meters regular alternation of white, thinly bedded siliceous marlstones and 
white, gray or greenish Globigerina-Radiolaria marls containing frequent other 
Foraminifera (among them Hantkenina alabamensis) and rare echinid spines and 
small fish teeth. The Radiolaria are in most of the samples already more numerous 
than the Globigerinidae. 

6. 3.5 meters alternation of white siliceous marlstone and grayish marly Radiolarian 
earth containing numerous Foraminifera, but very few Globigerinidae and rare 
small fish teeth. 
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(The beds 1 to 6 are exposed on the steep northern wall of the ravine; the following 
beds in the ravine itself. Between beds 5 and 7 a minor fault occurs.) 

7 meters coarse-bedded white siliceous Radiolaria-bearing marlstone with two 
layers (of o.2 and 0.4 meter) and two thin streaks of fine clastic volcanic tuff. 

18 meters badly exposed zone, showing coarse-bedded white siliceous Radiolaria- 
bearing marlstones and gray foraminiferal Radiolarian earth. 

26 meters greenish Radiolarian earth with some hard siliceous streaks. Foraminifera 
(including a Hantkenina) are rare in this zone. 

. 0.4 meter greenish fine clastic volcanic tuff. 


. 9 meters white-weathering greenish Radiolarian earth with rusty films and some 


harder streaks. Foraminifera, including Hantkenina alabamensis, are common, 
small fish teeth rare. 


. 15 meters well bedded white siliceous Radiolaria-bearing marlstones with a lilac- 


colored fine clastic volcanic tuff (0.3 meters), 3 meters above the base. 

7.5 meters white marly, somewhat foraminiferal Radiolarian earth with ledges of 
siliceous marlstone and a thin streak of fine clastic volcanic tuff (0.05 meter), 
approximately 2 meters above the base. Small fish teeth and Foraminifera are 
common, amongst them Hantkenina alabamensis. 


. 5.5 meters alternation of white, somewhat foraminiferal Radiolarian earth (Hant- 


kenina alabamensis) with 4 well marked ledges (0.4-0.5 meter) of violet, banded, 
fine clastic volcanic tuffs. 


. 5 meters white marly, slightly foraminiferal Radiolarian earth with a few ledges of 


white siliceous marlstone. 


. 1.5 meter white hard, compact siliceous marlstone with a band (0.1 meter) of 


fine clastic volcanic tuff, 0.6 meter above the base. 


. 6 meters white marly, slightly foraminiferal Radiolarian earth with a double 


marlstone bed on top. 
(From bed 7 to bed 17 the section follows the ravine; from here upwards, the ridge 


immediately south of the ravine.) 


. 25 meters olive-greenish marly Radiolarian earth with some whitish siliceous marl- 
Tah, 


stones in the middle. Foraminifera, amongst which is Hantkeni is, 
are common, but more numerous towards the top; small fish teeth are rare. 


. 0.5-1 meter white siliceous marlstone, passing towards the top into a fine clastic 


volcanic tuff (0.1 meter). 


. 1.5 meters olive-greenish marly Radiolarian earth with some Foraminifera, 


amongst them Hantkenina alabamensis, and small fish teeth. 


. 0.2 meter reddish fine clastic volcanic tuff. : 
. 6 meters olive-greenish marly, highly foraminiferal Radiolarian earth with small 


white calcite nodules. Foraminifera including Hantkenina alabamensis are frequent 
and varied, but Globigerinidae are rare. Small fish teeth are common. 


. 2 meters white, compact siliceous marlstone with bands of fine clastic volcanic tuff. 
. 4.5 meters olive-greenish marly, foraminiferal Radiolarian earth with 4 ledges of 


whitish knobby somewhat tuffaceous marlstones. Foraminifera including Hant- 
kenina alabamensis are common, but Globigerinidae rare. Small fish teeth are com. 
mon 


OS meter olive-greenish to white striated marlstone with bands of fine clastic 


volcanic tuff. 


. 5 meters olive-greenish slightly foraminiferal Radiolarian earth. Foraminifera in 


cluding Hantkenina alabamensis are common, small fish teeth rare. 

o.1 meter reddish fine clastic volcanic tuff. 

15 meters cream-colored Radiolarian earth with red and black skins on bedding 
planes and cleavages. (These beds have been described as “red argillaceous earth” 
by Jukes-Browne and Harrison (Lit. 29 b), and compared with the “red clays” of 
modern oceanic depth. However, the pits located in this zone in the core of the 
Mount Hillaby syncline, clearly showed that this red clay is a superficial product 
of weathering, never* attaining a thickness of more than o.3-1 meter and in all the 
pits directly underlain by the creamy Radiolarian earth. The pit-line has equally 
proved that the volcanic tuff beds—called volcanic mudstones by Jukes-Browne 
and Harrison—which form the highest summit of Mount Hillaby, do not overlie 
the red-weathering Radiolarian earth, but are the equivalent of beds 23 and 25, 
which, from underneath the red-weathering Radiolarian earth, rise again in the 
northwest flank of the Mount Hillaby syncline.) 


* This applies only to Mount Hillaby and not to the other localities from which the red argillaceous 
th has been reported and which have not been investigated yet by the writer. 
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The total thickness of the Oceanic beds exposed at Mount Hillaby 
is 190 meters (=620 feet compared with 320-350 feet estimated by 
Jukes-Browne and Harrison, Lit. 29b, p. 210). 

The writer can not agree with the opinion expressed by Jukes- 
Browne and Harrison (Lit. 29b, p. 213) that the top beds at Mount 
Hillaby represent the youngest member of the Oceanic formation. In 
the vast outcrops of Oceanic beds occurring between Consets Bay and 
Codrington College the bulk of the white Radiolarian earth is overlain 
by a yellowish Globigerina marl, which is well exposed on the slopes 
immediately north and southeast of Codrington College and is di- 
rectly overlain by Coral rock forming the terrace on which the College 
stands. Jukes-Browne and Harrison mentioned this marl (Lit. 29b, 
p. 205) and compared.it with the foraminiferal marls ‘‘below the red 
clays on Mount Hillaby” (Lit. 29b, p. 214), probably corresponding 
to beds 22-26 of the type section given (p. 1583). This correlation, how- 
ever, can not be admitted, as the marl at Codrington is a pure Glo- 
bigerina marl rich in other Foraminifera, but with a complete absence 
of Radiolaria, while the beds which should correspond at Mount 
Hillaby consist of Radiolarian earth, rich in Foraminifera, but with 
an almost complete absence of Globigerinidae. The writer therefore 
considers the “Codrington College marl” as younger than the Radio- 
laria-bearing beds of Mount Hillaby, for which the name ‘‘Mount 
Hillaby beds” is proposed. 

In a footpass 350 meters southeast of Codrington College a mud- 
flow appears just at the base of the Codrington College marl, separat- 
ing it from the bulk of the Radiolarian earth. 

The Oceanic formation lies with a strong angular unconformity on 
the older formations. It is found on the Joes River mud-flows, where 
these deposits are present, and in some places, as for instance in the 
Mount Hillaby section previously described (see p. 1583), there does 
not seem to be a sharp break between the two deposits: even in Bed 
No. 1 nests of greenish clay appear within typical mud-flows, which 
above pass to similar-looking green clays (Bed No. 2), containing well 
preserved Foraminifera. This green clay passes by transition to the 
foraminiferal chalks (Bed No. 3) of the true Oceanic formation. On 
the other hand—as mentioned previously (p. 1576)—there are in the 
south flank of the Mount Hillaby syncline (or the north flank of the 
Murphys anticline), faults which affect the Scotland and the Joes 
River sediments but do not disturb the overlying Oceanic beds which 
overlap these faults. These conditions seem to be contradictory, but 
they can be understood if one assumes that during the deposition of 
the Joes River mud-flows orogenic movements continued, but ceased 
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at the beginning of Oceanic sedimentation which uninterruptedly fol- 
lowed in places the Joes River sedimentation. In other places, as for 
instance at Bissex Hill, where a coarse conglomerate consisting of 
large blocks of cemented Chalky Mount grit and Murphys limestone 
separates Joes River mud-flows and Oceanic beds, sedimentation was 
apparently interrupted. 

In the northern part of the Scotland district, where the Joes River 
beds are absent, the Oceanic formation overlies a deeply eroded sur- 
face built by the various subdivisions of the Scotland formation and 
overlaps the faults affecting the latter. Up to the present the writer 
has found in this area only one outcrop where the contact between 
Oceanic and Scotland formations is exposed. The following section 
could be observed at the base of the cliff south of Cherry Tree Hill 
(from bottom to top): 

1. Gray, loamy clay with small lenses of fine sand (Scotland for- 

mation) 

2. 2-3 millimeters brown limonitic loam with small gypsum crys- 
tals (old weathering surface?) 

3- 15 centimeters silty calcareous mudstone (basal beds of Oce- 
anics), immediately followed by white foraminiferal chalks—rich 
in Hantkenina alabamensis. 

This section clearly shows that at the beginning of Oceanic time, 
previously emerging Barbados was very suddenly moved down into 
the region of deeper-water sedimentation, a fact well explained by 
Hess’ hypothesis of downbuckling (Lit. 25). 

The Oceanic beds are very much less folded and faulted than the 
Scotland beds and form large undulating anticlines and synclines. At 
the southern side of Bissex Hill, mud-flow veins intruding the Radio- 
larian earth were recognized by H. G. Kugler many years ago and 
in the Conset Bay district the Oceanic beds are considerably affected 
by mud-volcano activity. 
AGE 

Jukes-Browne and Harrison (Lit. 29b, p. 199) thought the Oce- 
anic formation to be of Pliocene age, including in it the Bissex Hill 
marl, but in 1899, when the latter was separated from the true Oceanic 
beds, Franks and Harrison (Lit. 15) transferred the Oceanic formation 
into the Miocene. Trechmann in 1933 (Lit. 69, p. 41) was undecided 
whether the Oceanic formation had to be placed in the Pliocene or the 
Miocene, but in 1937 he seemed to favor the latter (Lit. 73, pp. 342 
and 358). It was due to the progress obtained during the last twenty 
years in the study of small Foraminifera that the true age of the 
Oceanic formation was finally elucidated. 


os 
ies 


1586 ALFRED SENN 


From samples collected by H. G. Kugler on the surface and from 
well-samples, H. Niageli first recognized that the Oceanic formation 
has to be attributed to the upper Eocene, as its fauna shows striking 
resemblance to the one of the Hantkenina marls of the Hospital Hill 
of San Fernando (Lit. 34, p. 1444). The writer, after having made a 
preliminary examination of more than a hundred samples collected 
in the Mount Hillaby type section, completely agrees with this opin- 
ion. The easily recognizable index-fossil Hantkenina alabamensis 
Cushman is common from the base of the Oceanic formation (Bed 
No. 3) as high up as Bed No. 26. But also other species accompanying 
this fossil in the Hantkenina marls of Trinidad are present in Barba- 
dos and the coincidence is so perfect that H. Nigeli could state from 
a sample of a Barbadian test well that it “could almost be from the 
Hospital Hill of San Fernando” (private report, dated 15/4/36). 

A similar Radiolaria-bearing facies of upper Eocene age is shown 
by the Principe formation of Cuba (Lit. 45), and it will be interesting 
to compare its fauna with the fauna of the Oceanic formation. 

On the other hand, the fauna of the Codrington College marl, of 
which six samples have been examined up to the present, does not 
contain any further Hantkenina, but shows some resemblance to the 
lower Oligocene Guayaval marls of eastern Falcén (Venezuela). 


TYPE OF SEDIMENTATION AND ORIGIN OF THE CLASTIC MATERIAL 
CONTAINED IN THE TUFF BEDS 


Jukes-Browne and Harrison (Lit. 29b, p. 201), in comparing the 
Oceanic formation with the Radiolarian ooze, the Globigerina ooze 
and the red clays of modern oceanic depth, came to the conclusion 
that the basal Globigerina marls had been formed at a depth of 500- 
1,000 fathoms (914—1,828 meters), the Radiolarian earth at a depth 
of 2,000-3,000 fathoms (3,658-5,486 meters), the overlying forami- 
niferal beds at a depth of 1,000 fathoms (1,828 meters) and the red 
argillaceous earth at a depth of 2,000 fathoms (3,658 meters). Al- 
though the writer holds that Jukes-Browne and Harrison’s arguments 
are not entirely conclusive and that new detailed studies on the 
Oceanic sediments would be highly desirable, he agrees in general to 
consider the Oceanic formation as a deep-sea deposit. This opinion 
is supported by the present topographic features of the area north of 
Barbados. H. Hess’ new “Bathymetric Chart of the Caribbean Sea” 
(Lit. 82) clearly illustrates that the submarine ridge on which Bar- 
bados lies rises from the southeastern prolongation of the Brownson 
Trough, near latitude 17° North. This suggests that the Oceanic 
formation could be considered as a deposit of an upper Eocene pre- 
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decessor of the present Brownson Trough. This deposit was brought 
to the surface in Barbados as a consequence of the Oligocene, Miocene, 
and Pliocene folding movements. Hess (Lit. 25) has shown that the 
Barbados Ridge, as well as the Brownson Trough, lies more or less on 
the axis of the negative gravity-anomaly strip, and he assumes that 
at an earlier period this axis extended through northern Cuba, where 
again Radiolarian earth was deposited during the upper Eocene. Some 
samples of Cuban Radiolarian earth, which the writer has recently re- 
ceived through the courtesy of Mrs. Dorothy Palmer, show that—as 
sediments—the Cuban and Barbados Radiolarian earths are almost 
identical. 

It seems therefore permissible to consider the Radiolarian earth 
of Barbados and Cuba as deposits of an upper Eocene predecessor of 
the present Brownson Trough. While on the wings, in Cuba and 
Barbados, the deposits of this upper Eocene deep-sea trough have 
been brought to the surface as a consequence of subsequent orogenic 
movements, in the central part deep-sea conditions continued to the 
present time. For checking this hypothesis it would be of the greatest 
interest to know if Radiolarian earth is actually deposited in the 
Brownson Trough. Unfortunately the writer could not find any infor- 
mation on this subject in the literature available to him in Barbados. 

Concerning the occurrence of fine clastic tuff beds in the Oceanic 
formation, their volcanic nature has undoubtedly been proved by the 
studies of Miss Raisin (Lit. 29b, p. 180), who found them composed 
of small angular chips consisting mostly of feldspar many in broken 
crystals and numerous flakes and splinters of clear pumiceous glass, 
besides some rare mica and quartz. She also compared the Oceanic 
tuffs with the volcanic ashes which fell on Barbados in May, 1812, 
originating from the eruption of the Soufriére volcano of St. Vincent, 
and found them to be not unlike. The perfect agreement in the chemi- 
cal composition between the volcanic ash which fell on Barbados in 
1812 and the tuff beds of the Oceanic formation (Lit. 29b, p. 192) 
also suggests that the latter should be interpreted as falls of fine vol- 
canic ashes or dust sunk through the water and mingled with the 
oozes which were accumulating on the sea floor. It may be remem- 
bered that such ash falls can sometimes be very important, as was 
proved in Barbados in 1902 and 1903 by the ashes originating from 
the eruptions of the Soufriére of St. Vincent (March 7-8, 1902, Octo- 
ber 16-17, 1902, March 22, 1903). During the last eruption it was ob- 
served that the coarsest particles fell during the first hours. This cor- 
responds well with the writer’s observation that some of the ash beds 
of the Oceanic formation are coarsest at the base, becoming finer up- 
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wards and grading into the overlying siliceous marls and marlstones 
(for instance, the thin ash bed contained in Bed No. 13 of the Mount 
Hillaby type section). 

In a very valuable paper on the Diatom- and Radiolaria-bearing 
upper Miocene deposits of western Algeria (Lit. 3), Anderson has 
shown the interesting relations which exist between these siliceous 
sediments and volcanism. He thinks that the silica used by the radio- 
larians and diatoms to build their skeleton has been furnished by ashes 
and fine dust expelled by neighboring volcanoes. In fact, volcanic ash 
beds are interstratified in the siliceous beds, not only of the Algerian, 
but also of the Californian Miocene; and in Barbados, where the com- 
mon occurrence of volcanic tuff beds throughout the entire sequence of 
the Oceanic formation has been described, Anderson’s hypothesis 
again seems to be confirmed. 

Concerning the source of the volcanic ash contained in the Oceanic 
formation, it seems most natural to assume that it was lying where it 
lies to-day, that is, in the region occupied at present by the volcanic 
arc of the Lesser Antilles. In a later chapter we shall see that this 
opinion is confirmed by the nature of the Tertiary formations found 
on these islands. 


AGE OF OCEANIC-SCOTLAND UNCONFORMITY AND COMPARISON 
WITH OTHER WEST INDIAN AND SOUTH AMERICAN COUNTRIES 


Having determined the age of the Oceanic formation, one is now 
in a position to determine the age of the unconformity separating 
Scotland and Oceanic formations. The orogenesis causing this uncon- 
formity succeeded the deposition of the upper Scotland formation of 
middle Eocene age and preceded the deposition of the Oceanic forma- 
tion of uppermost Eocene age. The orogenic movement therefore 
started at the middle-upper Eocene boundary and remained active 
during the entire lower part of upper Eocene time, as is suggested by 
the fact that two phases can be recognized—one preceding and one 
accompanying the extrusion of the Joes River mud-flows. 

This orogenesis, which can be attributed to the ‘‘Pyrenean phase” 
of Stille’s classification (Lit. 60), has a wide distribution throughout 
northwestern and northern South America and the West Indies. 

In northwestern Peru its great importance has been recognized by 
Iddings and Olsson, who call the unconformity at the base of the 
upper Eocene one of the most important breaks in the entire Peruvian 
Tertiary section (Lit. 27, p. 16). The main phase of the orogenesis 
occurred here—as in Barbados—at the middle-upper Eocene bound- 
ary, preceding the deposition of the Talara formation, while a second- 
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ary phase took place within the upper Eocene, causing another un- 
conformity between the Talara and the Saman formations, which are 
attributed respectively to the lower and upper part of the upper 
Eocene (Lit. 44, pp. 5-18). 

In southwestern Ecuador also two phases can be recognized, the 
older one succeeding the middle Eocene Guayaquil limestone and the 
“Middle Grits,”’ both of which contain several species of Discocyclina 
like the upper Scotland formation of Barbados (Lit. 57, p. 156). The 
younger phase precedes the upper Eocene Socorro formation, and the 
two unconformities enclose a peculiar deposit, the so-called “clay 
pebble beds” (Lit. 57, pp. 94-102). 

In Panama an orogenesis within the upper Eocene is suggested by 
the fact that the Bucaru formation of early upper Eocene age is dis- 
conformably overlain by a limestone formation of uppermost Eocene 
age, to which belong the well known Orbitoid limestones of David and 
Haut-Chagres (Lit. 55, p. 590). A probable lateral facies of these is the 
Tranquilla shale which overlaps the andesitic basement in the upper 
Chagres Valley and contains a rich fauna of small Foraminifera (Lit. 9). 

In Colombia—according to Butler (Lit. 7, p. 97)—a major un- 
conformity preceded the deposition of the Toro formation, while small 
local unconformities mark its upper contact towards the Chorro for- 
mation. 

In Venezuela, the orogenesis occurred within upper Eocene time, 
succeeding the deposition of the Mene Grande formation, which is con- 
formable with the Pauji formation, the Misoa-Trujillo formation, and 
the entire Cretaceous system, and preceding the deposition of the 
Santa Rita conglomerate, which contains large pebbles of rocks de- 
rived from the older cycle (specially La Luna cherts, quartzites, vari- 
ous sandstones, white vein quartz and rare metamorphic rocks). 

As a result of this orogenesis which the writer considers—besides 
the post-Miocene-pre-Pliocene one—the most important of all the 
Venezuelan Tertiary orogenic phases (Lit. 56, p. 66), a considerable 
land mass emerged in the region occupied to-day by the Cordillera de 
Mérida and the Cordillera de la Costa, separating the Orinoco sedi- 
mentary basin from the Zulia-Falcén sedimentary basin. During 
uppermost Eocene and lower Oligocene time the latter was partly 
occupied by a shallow sea, whose southern shore facies appears at the 
southern border of the Serrania de Aguanegra and can be followed 
from there towards Agualinda, Tacamire, and as far as the Cerro 
Campana in east Falcén. On the eastern side of the Maracaibo Lake 
this shore facies is suggested by the conglomerates and reefs of Cerro 
Venado. 
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The Zulia-Falcén basin itself was deformed during the upper 
Eocene orogenesis, as is seen from the fact that during uppermost 
Eocene and lower Oligocene time the sea occupied two narrow chan- 
nels, separated by a ridge built up by highly folded Misoa-Trujillo 
sandstones and Pauji shales: in the southern channel the Aguanegra 
formation was deposited, comprising the uppermost Eocene Santa 
Rita conglomerate and the lower Oligocene Churuguara beds. In the 
northern basin the Tacal formation (Lit. 19) of uppermost Eocene and 
possibly lower Oligocene age was laid down. 

The upper Eocene orogenesis also initiated the intrusion of basic 
igneous rocks in the Paraguan4 uplift, causing special sedimentary 
conditions in this area during the Oligocene and Miocene epochs. 

The erection of the Sierra de Perijé and the formation of the 
Maracaibo Basin also seems to date from these orogenic movements, 
since from the beginning of the Oligocene epoch, brackish-water sedi- 
mentation appeared in this area. 

On the Curacao-Bonaire Ridge, the orogenesis caused the uncon- 
formity between the Midden Curacao formation and the Soebi Blanco 
conglomerate on one side, and the upper Eocene Seroe di Cueba and 
Seroe Montagne limestones on the other. Some dikes seem to have 
been intruded in Curacao (Lit. 46, p. 1027). 

The Orinoco Basin was equally deformed, as is clearly shown in 
Trinidad by the marked unconformity appearing at the base of the 
upper Eocene Mount Moriah formation. 

The réle which the upper Eocene orogenesis played in the area 
occupied to-day by the volcanic arc of the Lesser Antilles is described 
on pp. 1592-1602. 

In the Greater Antilles, the presence of the upper Eocene oro- 
genesis is indicated by the unconformity appearing in the base of the 
Bejucal formation in Cuba and by the unconformity separating older 
upper Eocene and middle Oligocene formations in Jamaica, His- 
paniola, and Porto Rico (Lit. 75, p. 624). 


THE BISSEX HILL MARL AND THE YOUNGER SEDIMENTARY 
FORMATIONS OF BARBADOS 


Jukes-Browne and Harrison (Lit. 2gb) included the Globigerina 
marls of Bissex Hill in the Oceanic formation, but in 1899 Franks and 
Harrison (Lit. 15) separated them from this formation. This is justi- 
fied, as the two formations are quite different, not only lithologically 
but also in age, and are separated by an unconformity. 

The bulk of the Bissex Hill marl consists of a yellow to orange- 
colored, coarse-grained, soft, somewhat sandy Globigerina marl with 


PALEOGENE OF BARBADOS 1591 


common echinid remains, Pentacrinus, fish teeth and simple corals, 
including some lenses and inconstant ledges of fine algal and forami- 
niferal limestones. At the base there is a marked detrital bed contain- 
ing pebbles and small lumps derived from the Oceanic formation. 

The Globigerina marls of Bissex Hill have a very similar aspect to 
some foraminiferal tuffs which the writer saw in Martinique and 
Grande Terre, and actually, according to Miss Raisin, they contain a 
small quantity of broken feldspar crystals and volcanic glass (Lit. 
29b, p. 173). They seem to be deposits of a moderately deep sea, in 
which volcanic dust was intermingled with the foraminiferal oozes. 

The Bissex Hill marl has a thickness of approximately 15 meters 
and overlies unconformably a reduced thickness of Oceanic beds. 

Besides the aforementioned fossils, the only determined macro- 
fossils found in the Bissex Hill marl are Archaeopneustes abruptus 
Gregory and probably Scalaria ehrenbergi Schomburg, but as these 
fossils are not known elsewhere, they can not be used for an age 
determination. 

Chapman (Lit. 15) recognized 120 species of Foraminifera in the 
Bissex Hill marl and stated that Miocene and Pliocene species (es- 
pecially the former) are strongly in evidence. In 1936 H. Nigeli came 
to the conclusion that the Bissex Hill marl must be upper Oligocene, 
somehow intermediate between the upper Marl and the St. Croix 
formation of Trinidad (private report, dated 15/4/36). The writer 
agrees with this age determination, finding the foram fauna similar to 
that of the A3-A4 and the A3 zone of the Aguasalada clays of east 
Falcén (Venezuela), which are placed in the uppermost Oligocene and 
the lowermost Miocene (Lit. 56). 

Therefore it seems that between the Oceanic formation of upper 
Eocene-lower Oligocene age and the Bissex Hill marl of uppermost 
Oligocene or lower Mjocene age an important part of the strata is 
missing in Barbados, but owing to the very limited occurrence of the 
Bissex Hill marl, it is extremely difficult to form an idea on the events 
occurring in Barbados during the second half of the Oligocene epoch. 

Even less is known of the Miocene history of Barbados, deposits 
of this epoch not having been recognized as yet on this island. It is 
possible that of the 3,000 feet of foraminiferal marls encountered in a 
well in southern Barbados, a part might belong to the Miocene, but 
this is only a supposition, as samples from this extremely interesting 
well have unfortunately not been kept (Lit. 41). 

The next younger deposit is the Coral rock, of Pleistocene and 
partly Pliocene age, according to Trechmann (Lit. 73). This limestone 
formation overlies the Oceanic formation unconformably and in some 
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places rests directly on the Scotland formation, proving that an im- 
portant period of erosion preceded its deposition. 

It is not intended to give a description of this formation, as that 
would be outside the scope of this paper. 


THE ARC OF THE LESSER ANTILLES 
(Compare Figs. 2, 3 and 4) 


While the history of the younger Tertiary is very imper- 
fectly known in Barbados, not yet allowing a comparison with the 
neighboring countries, some particularities of its Eocene sedimentation 
furnish us with a key to the problem concerning the origin of the vol- 
canic arc of the Lesser Antilles. 

It has been seen that the lower-middle Eocene Scotland formation 
is an entirely detrital deposit mostly deriving from metamorphic 
rocks, while in the overlying upper Eocene-lower Oligocene Oceanic 
formation volcanic ash beds are common throughout the formation, 
proving that volcanic activity had been started on the volcanic arc of 
the Lesser Antilles. It has also been shown that a strong orogenesis 
took place between the deposition of the two formations, causing the 
extrusion of important mud-flows. 

Therefore, it seems permissible to ask whether the orogenic forces 
which initiated the mud-volcano activity in Barbados were also re- 
sponsible for the first appearance of volcanic eruptions in the arc of 
the Lesser Antilles. 

The conditions on these islands seem to confirm this hypothesis. 

The Tertiary sediments on all the islands from Carriacou in the 
south to St. Barthélémy in the north, consist of an enormous thick- 
ness of stratified volcanic tuffs and agglomerates, deposited in a shal- 
low, but rapidly subsiding sea. The tuffs themselves are in some places 
fossiliferous, and at various horizons there are fossil-bearing lime- 
stones interstratified in the tuff formation, permitting the determina- 
tion of its age. 

The oldest part of this tuff formation is exposed on St. Barthélémy, 
where it overlies unconformably the syenite porphyry of Gustavia. 
Interstratified in the great thickness of tuffs there are three prominent 
limestones. 

The lower one—of a thickness of 45 meters—forms the promon- 
tory between Anse des Lézards and Anse des Cayes and includes two 
zones of cross-bedded conglomeratic tuffs. 

The middle limestone—32 meters thick—crops out at the prom- 
ontory separating Anse des Cayes and Baie de St. Jean and the upper 


i 
| 
; 
| 
| 


PALEOGENE OF BARBADOS 1593 


limestone forms the top of the mountain immediately east of the 
bifurcation of the mule track going from Gustavia to Anse des Lézards 
and to Colombier. 

While the upper limestone consists of dense, flaggy limestones, 
almost barren of fossils, the two lower limestones contain corals, 
echinids, mollusks, and an abundant fauna of larger Foraminifera 
described by Cushman (Lit. 10). 


Dictyoconus americanus Cushman 

Nummulites antilleus Cushman 

Nummvlites parvulus Cushman 

Discocyclina (Discocyclina) marginata Cushman 

Discocyclina (Asterocyclina) antillea Cushman 

Lepidocyclina antillea Cushman 

The formation has been called St. Bartholomew limestone, but the 
writer would prefer the term St. Bartholomew formation, as the lime- 
stone occurs only as intercalations in the great thickness of volcanic 
tuffs and agglomerates. Cleve, in 1871 (Lit. 8, p. 26), correlated the 
St. Bartholomew formation with the middle Eocene of Europe (Cal- 
caire grossier, Bracklesham beds) and stated the relationship with the 
San Fernando beds of Trinidad (= Mount Moriah formation). Later 
on Vaughan (Lit. 74, 75, 76) and Cushman (Lit. 10, p. 24) transferred 
it into the upper Eocene, comparing its coral fauna with the one of 
the Priabonian of northern Italy. As a consequence the St. Bartholo- 
mew formation has been regarded for many years as the type of the 
West Indian upper Eocene, but recently Vaughan (Lit. 77, p. 97) ex- 
pressed some doubts about the correctness of his former opinion and 
stated that the formation might be middle instead of upper Eocene. 
Vaughan’s doubt is based on the presence of Dictyoconus and of 
Lepidocyclina antillea Cushman, which closely resembles L. gardnerae 
Cole from the middle Eocene of Texas. Besides the fact that the 
identity of the two species of Lepidocyclina has not yet been proved, 
the writer wishes to mention that Dictyoconus was also found by 
Gorter and Van der Vlerk (Lit. 20, p. 98, sample No. 2b and Lit. 56, 
p. 58) in the Mene Grande beds of Rio San Pedro (Venezuela), in the 
material originally described by Tobler (Lit. 66). On the other hand, 
the presence of Lepidocyclina in the St. Bartholomew limestone indi- 
cates this formation to be younger than the upper Scotland formation 
of Barbados, in which this genus seems to be entirely absent. For the 
present the writer therefore considers the St. Bartholomew formation 
to belong to the lower part of the upper Eocene. 

To the lower Oligocene the tuffs of Fonds Moustique (Lit. 4) in 
Martinique belong, as well as the thick tuff formation building up the 
Central Plain of Antigua. Both formations are characterized by the 
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occurrence of fossil wood and are overlain by limestones of middle 
Oligocene age. The Central Plain tuff formation of Antigua includes 
at Snapper Point a lenticular mass of limestone rich in large Lepido- 
cyclina (Lit. 12) and other beds of the same formation furnished a 
fauna of fresh-water gastropods from cherts (Lit. 6). Rutten’s sup- 
position (Lit. 51, p. 1049) that a part of the Antigua tuffs might be 
Cretaceous must be denied since large Lepidocyclinas have now also 
been found by the writer in the Seaforth limestone, which forms the 
base of the Central Plain tuff formation (see Fig. 2). According to 
Earle (Lit. 12) this formation clearly overlies the andesites and asso- 
ciated subaerial agglomerates and ash beds forming the southwestern 
part of the island, and there seems to be a transition between the 
stratified, water-deposited tuffs and the subaerial tuffs and agglom- 
erates. The andesites have therefore to be considered as still belonging 
to the lower Oligocene, or more probably to the upper Eocene. 

Middle Oligocene, characterized by large Lepidocyclinas, and 
upper Oligocene, characterized by small Lepidocyclinas, are known 
from several islands. In Carriacou (Lit. 40) Lehner has found near the 
base of his ‘‘Lower Tuff Series” some lenses of reef-limestone, rich in 
large and small Lepidocyclinas, while lenses of limestone containing 
only small Lepidocyclinas occur towards the top of the same forma- 
tion. In southeastern Martinique the middle and upper Oligocene 
limestones already form important masses, but are still separated by 
a considerable thickness of intermediate tuffs: the upper limestone, 
known as the Macabou limestone, contains layers very rich in small 
Lepidocyclinas, which were discovered long ago by Giraud (Lit. 18). 
In the lower limestone for which the term “Bourg du Marin lime- 
stone”’ is proposed here (thickness 85 meters), a typical fauna of large 
and small Lepidocyclinas has only recently been discovered by the 
writer. In Antigua finally the limestones with large Lepidocyclinas 
and those with small Lepidocyclinas are united in a singular thick 
limestone formation: the Antigua formation. 

The distribution of the facies during middle and upper Oligocene 
with an increase of reef limestone towards the east and an increase of 
volcanic tuff material towards the west, clearly shows that the vol- 
canoes furnishing the tuff material were lying in the west somewhere 
close to the actual volcanoes of the Antillean arc (see Fig. 3). 

Uppermost Oligocene (Aquitanian) is represented by the Anguilla 
limestone of Anguilla, the Carriacou limestone of Carriacou, and pos- 
sibly by the Morne Vent limestone of Martinique, which latter forms 
a lenticular mass within the thick tuff formation known as the 
Vauclun tuffs. All these limestones contain the last and rare small 
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Lower Miocene is present in Carriacou where the Carriacou lime- 
stone is conformably overlain by the Grand Bay tuffs. They contain 
a rich mollusk fauna described by Trechmann (Lit. 72), and are cor- 
related by this author with the Thomonde formation of Haiti, which 
is regarded as Burdigalian by Woodring. To the same stage the fos- 
siliferous tuffs and the limestone of Grande Terre seem to belong 
(Lit. 5). 

The youngest dated beds in the Tertiary tuff formation of the 
Lesser Antilles are the Bassignac tuffs of Martinique, which—on the 
basis of their rich mollusk fauna—have been correlated by Cossman 
with the Gatun formation of Panama, and therefore seem to be of 
middle Miocene age (Lit. 18, p. 15). 

All the different beds of the Tertiary tuff formation of the Lesser 
Antilles seem to be conformable and transitional among themselves, 
an erosional unconformity only being reported from Anguilla, where 
the Anguilla limestone lies on a peneplaned surface of basic igneous 
rocks (Lit. 76). On all the islands the Tertiary tuff formation is only 
gently folded and shows a similar structural style to the partly con- 
temporaneous Oceanic formation of Barbados. The deformation of 
the Tertiary tuff formation seems to be due to the post-Miocene- 
pre-Pliocene orogenesis, which, as well as the upper Eocene phase, 
the writer considers the most important orogenic phase in Venezuela. 
It is possible that these movements gave a new impulse to the vol- 
canism, which persisted into the present time. 

Returning to the question placed at the beginning of this chapter 
(p.1592), whether the orogenic forces which initiated the mud-volcano 
activity in Barbados were also responsible for the first appearance of 
volcanic eruptions on the arc of the Lesser Antilles, it is evident from 
the summary given that this possibility is entirely affirmed: not only 
does the tuffaceous facies of the Tertiary sediments prove the first 
appearance of volcanism in upper Eocene time and its persistence up 
to the present, but the unconformity found at the base of the St. 
Bartholomew formation also shows that an orogenesis has preceded 
the deposition of the Tertiary tuff formation. 

It can therefore be concluded that the erection of the volcanic 
arc of the Lesser Antilles is due to the important phase of orogenic 
movements occurring during upper Eocene time and known as the 
Pyrenean phase (Lit. 60). 

Is this phase entirely responsible for the building up of this island 
arc, or does there exist an older foundation? 

We have seen already that on the Curacao Ridge, as well as in the 
Greater Antilles, an orogenesis occurring near the Cretaceous-Eocene 
boundary has caused the intrusion of important masses of plutonic 
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rocks, such as quartz diorites and granodiorites (see Fig. 4B). From 
Porto Rico these plutonites can be followed into the Virgin Islands, 
and on the opposite side of the Anegada passage they appear also on 
the so-called limestone Caribbees, in St. Martin as quartz diorite (Lit. 
42), in St. Barthélémy as syenite porphyry (Lit. 8) and in Désirade 
as granodiorite (Lit. 5). South of this latter island no outcrops of 
plutonites are known, but their presence in the underground of the 
volcanic islands is proved by the occurrence of similar rocks as blocks 
in the Tertiary tuffs and the ejections of the actual volcanoes. 

The continuation of this zone of young granodioritic rocks is found 
in the Venezuelan islands, which, as shown already, form a part of the 
Curacao Ridge. 

Therefore, it seems that the orogenesis occurring at the Creta- 
ceous-Eocene boundary and known as the ‘‘Laramide phase” has 
caused the erection of a mountain chain in the Lesser Antilles fused 
in the north with the axis of the Greater Antilles, in the south with the 
Curacao Ridge; but whereas in these two areas the mountain chain 
was emerging above sea level, exposing their rocks to denudation, in 
the sector of the Lesser Antilles only a submarine ridge seems to have 
been built, causing the ascendance of the plutonic magma. In the 
northern part, this older plutonic ridge was lying northeast of the 
younger volcanic ridge, and its axis seems to be marked by the out- 
crops of the plutonic rocks in St. Martin, St. Barthélémy and Dési- 
rade. During the upper Eocene orogenesis this older ridge was folded 
up again, denuded and finally buried under the reefs deposited along 
its crest and the volcanic debris ejected by the volcanoes of the 
inner arc. 

Our knowledge of the Cretaceous history of the Lesser Antilles is 
entirely based on the occurrence of Upper Cretaceous chalk in An- 
tigua, which is the enly place where Cretaceous has been proved 
paleontologically. It is therefore of the greatest importance to know 
under what circumstances this Cretaceous comes close to the surface 
and enters into relationship with the neighboring formations. The 
writer is gratefully indebted to W. R. Forrest for showing him the 
locality in Antigua, and owes some supplementary information to 
C. T. Trechmann and H. H. Hess, who visited the place after him 
(compare Fig. 2). 

The Cretaceous chalk was encountered when an old water well, 
situated on the Golf and Race Course at Cassadagarden, was deep- 
ened in 1930. At the well site, there still exists a good outcrop of cross- 
bedded, brown sandy tuffs with conglomeratic layers containing 
pebbles of volcanic rocks. These beds belong to the “‘Cassadagarden 
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Gravels,” which represent 2 conglomeratic facies intercalated in the 
upper part of the Central Plain tuff formation and which are covered 
by the Antigua limestone (Lit. 12). At the Cassadagarden well these 
conglomeratic tuffs dip slightly to the northeast and at a distance of 
approximately 400-500 meters to the northeast are normally overlain 
by the Lepidocyclina-bearing limestones and chalky marls of the An- 
tigua formation. 

The following is an extract from a report kindly furnished by 
W. R. Forrest. 

The original well was 6 feet in diameter and 25 feet deep. During the 
drought of 1930 the well ran dry and it was decided to deepen it. At the bot- 
tom of the well there was a considerable amount of debris, viz: skeletons of 
dogs, some quaint ancieht stumpy dark glass bottles, with short neck and 
bulging body, laterally compressed, capacity about 20 to 24 ounces. The 
surface of the glass was partly encrusted with lime and the glass had become 
opaque, evidently from long immersion in water. This indicates that the well 
never extended previously below the 25’ level. 

The excavation of the new well was commenced below this level with the 
same diameter of 6 feet by two men with fork and shovel. After passing 
through 17 feet of grit similar to the upper beds, the chalk bed was reached 
42 feet below the surface. The rock consists of a very white, fine-grained, fri- 
able chalk containing numerous fragments of flint. The chalk-bed was 4’ 6” 
thick, and showed vertical cracks, which facilitated its removal in blocks of 
various sizes. Two large estate cattle carts were loaded with these blocks of 
chalk. Underneath the chalk a very hard dark rock was encountered, which 
had to be worked with a drill. After penetrating 6’ 6” of this hard rock, of 
which unfortunately no sample had been kept, the inflow of brackish water 
stopped further operations at a total depth of 53’. 


The foraminiferal fauna of the Antigua chalk has been described 
by Cushman (Lit. 11), who found the fauna to be an equivalent of 
portions of the Taylor marl of Texas and of the Craie Blanche (Seno- 
nian) of the Paris Basin. Nearly all the species determined by Cush- 
man from the Antigua chalk have been described from the White 
chalk of the Paris Basin or from similar formations of central Europe. 

How is the occurrence of the Antigua chalk to be interpreted? 

The possibility has first to be mentioned that this rock could be 
chalk from England or France, which, according to information re- 
ceived from H. Rose in Barbados, has commonly been used in older 
West Indian water wells for purifying purposes. It would therefore be 
highly desirable to check this possibility by digging another well near 
by. The writer, on the information furnished by W. R. Forrest, how- 
ever, is rather inclined for the present to believe the Antigua chalk 
“in place.” In this case, the lithological contrast between the chalk 
and the overlying conglomeratic tuffs is so sharp as to make it im- 


3 
| 
| 
| 
a 


PALEOGENE OF BARBADOS 1601 


possible to believe the former an intercalation in the latter. Rutten’s 
assumption (Lit. 51, p. 1049) that a part of the basal volcanic deposits 
of Antigua has to be considered as Cretaceous can therefore not be 
admitted. 

It is the writer’s opinion that the Cretaceous chalk of Antigua 
belongs to the older plutonic arc of the Lesser Antilles, which was 
built up by the Laramide and Pyrenean orogenic phases and later 
was buried by the volcanic debris of the younger volcanic arc. This 
is quite understandable if it is realized that Antigua lies approxi- 
mately ona straight line between Désirade and St. Barthélémy, where 
the plutonic rocks of the older arc appear at the surface to-day. The 
existence of this ridge in the underground of Antigua would also give 
an explanation for the ‘‘Cassadagarden Gravels” and for the reefs of 
the overlying Antigua formation, which could be considered as a near- 
shore facies along a ridge built up by Cretaceous sediments and plu- 
tonic rocks intruded during the Laramide orogenesis (see Fig. 2). In 
this connection Hess’ finding of a granitic pebble in the Cassadagarden 
gravels near the water well is of great importance (private informa- 
tion) and Earle’s statement (Lit. 12) that an unconformity can be 
observed in Willoughby Bay between the Antigua formation and the 
Cassadagarden gravels would agree well with the ee of a 
repeatedly moving geanticlinal ridge. 

The Antigua chalk seems to have been formed in quiet deeper 
waters, and its facies is in sharp contrast to the one of the upper 
Cretaceous of the Curacao Ridge and the Greater Antilles where it is 
largely of volcanic origin. This volcanic facies of the Cretaceous still 
seems to be present near the northern end of the older Antillean arc, 
in St. Martin, where the Pointe Blanche formation consists of a well 
stratified and strongly metamorphosed alternation of fine-grained 
ashes, coarse tuff-breccias containing fragments of effusive rocks and 
somewhat crystalline limestones (Lit. 42). The Pointe Blanche forma- 
tion overlies the quartz diorite, but is intruded and metamorphosed 
by the latter and is therefore older, that is, probably Cretaceous. It 
seems that during the Cretaceous, St. Martin either belonged to the 
chain of the Greater Antilles, St. Croix and the Virgin Islands, or 
received its volcanic material from this near-by axis. 

It may finally be concluded that—in contrast to the Curacao 
Ridge and the Greater Antilles—no orogenic movements accompanied 
by submarine volcanism occurred in the central part of the Lesser 
Antilles during the Upper Cretaceous, but this region was covered by 
a fairly deep and quiet sea directly connected with the Mediterranean 
(see Fig. 4A). Only in the north (St. Martin) was volcanic material 


a 
» 
| 
| 
‘s 
i 
| 


1602 ALFRED SENN 


received from the neighboring axis of the Greater Antilles and the 
Virgin Islands. 


SUMMARY OF GEOLOGICAL HISTORY OF THE 
ANTILLEAN-CARIBBEAN REGION 


During the Lower Cretaceous, a geosynclinal basin was formed in 
the region occupied to-day by the Venezuelan Andes, limited in the 
south by the old Guayana Shield (see Fig. 4A). By a continuous 
deepening of the basin, the neritic, clastic, and calcareous sedimenta- 
tion of the Lower Cretaceous epoch (Tomon and Cogollo formations) 
was succeeded during the Upper Cretaceous epoch by calcareous and 
clayey sedimentation of the bathyal type (La Luna and Colon forma- 
tions). Towards the close of the Cretaceous a geanticlinal ridge seems 
to have emerged in the region occupied at present by the Caribbean 
Coast Range, as is suggested by the clastic facies of the uppermost 
Cretaceous of the Rio Querecual section (Lit. 23). On the other hand, 
in the area occupied now by the Cordillera de Mérida, only a little fine 
clastic material appears in the mainly clayey sediments (Mito Juan 
formation). The fauna of this Cretaceous sedimentary basin is so 
similar to the one of the Mediterranean Sea that a communication 
must have existed between these two regions (Lit. 16, p. 5). 

In the north this basin was limited by the Curagao axis, which 
during the Upper Cretaceous epoch showed a different kind of sedi- 
mentation with large intermixture of volcanic material (ashes and 
lavas). It must be assumed that in this region a warping of the sea 
floor caused the opening of fissures, along which the basic magmas 
could ascend, giving rise to an important submarine volcanic activity. 
Similar conditions must have occurred in the western Cordilleras of 
Colombia, where basic lavas of considerable thickness have been ex- 
truded (Lit. 16, p. 6). After the deposition of the lower Senonian, the 
warping movement was accentuated, leading to the emergence of the 
Curacao Ridge and possibly to the first granodioritic intrusion. Dur- 
ing the upper Senonian the Curacao Ridge shows neritic sedimenta- 
tion, with conglomerates and rudistid- coral- and orbitoid-bearing 
limestones (Seroe Teintje limestone and Rincon formation). 

In the northern part of the Caribbean Sea, the Greater Antilles 
showed during the Upper Cretaceous epoch a very similar develop- 
ment to the Curacao Ridge, with the same volcanic facies and a pos- 
sible emergence preceding the deposition of the neritic, rudistid-orbi- 
toid-bearing sediments of the upper Senonian (for instance, Blue 
Mountain formation of Jamaica). 

The axis of the Greater Antilles and the Curagao Ridge, which 
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show typical geanticlinal features during the uppermost Cretaceous, 
have an approximate west-east, that is, a Mediterranean strike and 
it is probable that by these ridges a connection between the West 
Indian and the Mediterranean region was established, along which a 
migration of the fauna could take place. On the other hand, a connec- 
tion between the Greater Antilles and the Curagao geanticlines 
through the Lesser Antilles seems not to have existed during the Upper 
Cretaceous epoch, as is indicated by the entirely different facies of the 
Antigua chalk." This sediment suggests a quiet and fairly deep sea 
in this region during the Upper Cretaceous epoch (see Fig. 4A). 

At the Cretaceous-Eocene boundary (see Fig. 4B) a more impor- 
tant orogenic movement occurred on the geanticlines of the Greater 
Antilles and the Curacao Ridge (Laramide orogenesis). Both have 
been largely intruded by a granodioritic magma and have emerged. 
suffering large denudation during the lower and part of the middle 
Eocene. The detritus originating from the denudation of the Curacao 
Ridge is found in the Midden Curacao formation and the Soebi 
Blanco conglomerate, that from the Greater Antilles Ridge in the 
Richmond formation and the base conglomerate of the Plaisance 
limestone. 

A connection was established between the Greater Antilles and the 
Curacao Ridge by the upfolding of an arc in the Lesser Antilles, 
largely intruded by a granodioritic magma. This first foundation of 
the Antillean arc consisted probably of a submarine ridge, as no 
detrital deposits originating from it can be detected. 

Whereas in the Venezuelan geosyncline marine sedimentation was 
mostly continuous at the Cretaceous-Eocene boundary, in the area 
occupied to-day by the Caribbean Coast Range and the Northern 
Range of Trinidad the Laramide orogenesis caused the definite emer- 
gence of a geanticlinal ridge. The upfolding was accompanied by in- 
trusions of a granitic magma and_ vein-quartz injections which, to- 
gether with the contemporaneous dynamo-metamorphism, caused an 
alteration of the Mesozoic sediments. During lower and middle Eo- 
cene, the Caribbean Ridge seems to have formed a low but continu- 
ously rising island festoon, furnishing the clastic material for an im- 
portant Flysch formation deposited along its northern slope and 
known as the Misoa-Trujillo formation of northwestern Venezuela 
and the Scotland formation of Barbados. The Pointe-a-Pierre forma- 
tion of central Trinidad may represent a similar Flysch facies de- 
veloped along the southern foot of the Northern Range. Another 
positive movement of the Caribbean Ridge at the beginning of the 

13 Provided the Antigua chalk is in place (see p. 1600). 
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middle Eocene is reflected in the sedimentation of Barbados by the 
appearance of a coarse clastic facies in the upper Scotland formation 
(Chalky Mount grits). The fact that the thickness of these grits in- 
creases in Barbados in a southeasterly direction suggests that the 
Caribbean Ridge passed south of Barbados, and as nothing can be 
found in the Lesser and Greater Antilles which could be the continua- 
tion of this ridge, it may be assumed that it was connected with the 
Mediterranean mountain system, especially with North Africa. In the 
Rif Mountains of Morocco and their eastern prolongation, the Ka- 
bylian chain of Algeria, an orogenesis occurred at the Cretaceous- 
Eocene boundary, causing a temporary emergence of this mountain 
chain and Flysch deposition during the following Eocene epoch. The 
Caribbean Range forms‘the northern border of the South American 
continent as the Kabylo-Rifan chain forms the extreme north front 
of the African continent. South of this chain (southern Morocco and 
southern Algeria), as in southern Trinidad, sedimentation was not 
interrupted at the Cretaceous-Eocene boundary. The existence of a 
ridge connecting North Africa with northern South America in lower 
and middle Eocene time would give an explanation for the presence 
of identical species of shallow-water mollusks in both countries (Lit. 
48, pp. 202-204). 

The orogenic movements previously dealt with have to be con- 
sidered as precursory movements, preluding the first paroxysm which 
was reached during upper Eocene time (Pyrenean phase). 

This orogenesis was not confined to a few geanticlinal ridges, but 
was of a more regional nature. Not only have the larger mountain 
chains been folded up, but the whole area occupied by the former 
north Andean geosyncline has been affected by the movements, as is 
suggested by the regional unconformity appearing at the base of or 
within the upper Eocene: in northwestern Venezuela this unconform- 
ity is found at the base of the Aguanegra and Tacal formations, in 
eastern Venezuela at the base of the Merecure formation (?), in Trini- 
dad at the base of the Mount Moriah formation, in Barbados at the 
base of the Oceanic formation, in Curacao and Bonaire at the base of 
the Seroe de Cueba and Seroe Montagne limestones and on the An- 
tillean arc at the base of the St. Bartholomew formation. 

The major events caused by the Pyrenean orogenesis are as fol- 
lows (see Fig. 4C). 

The Cordillera de Mérida and the Caribbean Coast Range com- 
pletely emerged, forming a large terrestrial barrier between the Ori- 
noco basin on the south and the Zulia-Falcén basin on the north. The 
latter was limited to the west by the emerging Sierra de Perija, in the 
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north by the re-elevated Curacao Ridge, to which the Sierra de Perija 
was welded. The Zulia-Falcén basin was deformed and divided into 
secondary basins and ridges, thus offering very complicated deposi- 
tional conditions in the succeeding Oligocene epoch (including upper- 
most Eocene). The most important event within the Zulia-Falcén 
basin was the individualization of the NNW-SSE directed Paraguana 
uplift, due to the intrusion of basic igneous rocks. During the Oligo- 
cene and Miocene epochs this area formed a separation between the 
sedimentary basins of western and eastern Falcon. A slight volcanic 
activity was also shown on the Curacao Ridge, where dikes cutting 
through Midden Curacao beds have been observed (Lit. 78 and 46). 

In Barbados the orogenesis caused great disturbances accom- 
panied by the extrusion of important mud-flows, and Trinidad as a 
whole was also strongly deformed. 

In the Lesser Antilles the formerly built submarine plutonic arc 
was elevated above sea level and denuded, and on its inner convex 
side a new island arc originated, consisting of a rosary of volcanoes, 
the volcanic arc of the Lesser Antilles (see Fig. 3). Volcanic activity 
continued here from upper Eocene to the present time, supplying 
sedimentation with an enormous amount of ash material which filled 
the sea depression existing between the volcanic and the older plu- 
tonic ridge and buried the latter. Thus an enormous thickness of vol- 
canic tuffs has been deposited in the neighboring sea, comprising the 
whole sequence from upper Eocene to middle Miocene at least. The 
finer volcanic dust was carried as far as Barbados, where it was inter- 
mingled with the foraminiferal and radiolarian oozes deposited here 
in a fairly deep sea. 

Whereas the erection of the volcanic arc of the Lesser Antilles is 
clearly reflected in the upper Eocene and Oligocene sediments of Bar- 
bados, there are no further signs of the existence of the Caribbean 
geanticline which furnished Barbados with abundant clastic material 
during lower and middle Eocene. It must be assumed that during the 
upper Eocene revolution the latter ridge broke down and the con- 
nection with North Africa was interrupted (see Fig. 4C). This hypo- 
thesis could explain the difference between the West Indian and Medi- 
terranean faunas, which became more and more pronounced during 
the succeeding epochs. Whereas a connection between the West In- 
dian and the Mediterranean provinces undoubtedly existed during 
the Cretaceous and the older Eocene, it is probable that later these 
regions became separated by the building up of the Antillean arc with 
its convex side directed towards the east and the Rifan arc with its 
convex side directed towards the west. It seems that the latter arc was 
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formed as a consequence of the repeated orogenic movements which 
affected the Rif-Kabylian chain during the upper Eocene and the 
Oligocene epoch. 

It is not intended here to deal with the history of the Antillean- 
Caribbean region during the later Tertiary, which must be based on a 
detailed analysis of the facies in the sedimentary basins of Venezuela 
and Trinidad. Several smaller movements occurred there during the 
Oligocene and Miocene epochs leading to the second paroxysm at the 
Miocene-Pliocene boundary (Rhodanic phase, Lit. 60). In Barbados 
the precursory movements might be represented by the unconformity 
separating Bissex Hill marl and Oceanic formation, while the Rho- 
danic orogenesis probably created the upfolding of a new ridge, the 
Barbados Ridge, which’ was highly denuded before the deposition of 
Coral rock in uppermost Pliocene or Pleistocene time. The upfolding 
and fracturing of Barbados in post-Pleistocene time shows that the 
movements on the Barbados Ridge are still continuing. 

The Rhodanic orogenesis also seems to have caused a renewed 
elevation of the volcanic arc of the Lesser Antilles and a rejuvenation 
of its volcanic activity. This is suggested by the fact that the tuff ma- 
terial of the post-Miocene volcanic cycle, deposited on the Caribbean 
islands, is of a subaerial nature and overlies unconformably the 
folded water-deposited and stratified tuffs of the Oligo-Miocene cycle. 

Concerning the problem of the Antillean arc, the writer’s opinion, 
expressed in this paper, is intermediate between the conception of Ed. 
Suess (Lit. 61) and L. Rutten (Lit. 51) on one side and the conception 
of Hill, Gregory, and R. Staub on the other (Lit. 51 and 59). 

During the Upper Cretaceous epoch communication between the 
Antillean and the Mediterranean region seems to have existed along 
certain geanticlinal ridges, such as the Greater Antilles and the Cura- 
cao Ridge (Fig. 4A). The Laramide orogenesis seems to have created 
a connection between the Caribbean Ridge and the Rif-Kabylian 
Ridge, persisting during lower and middle Eocene time. By the same 
orogenesis a first connection between the Greater Antilles and the 
Curacao Ridge was established by a submarine plutonic arc in the 
Lesser Antilles (Fig. 4B). The Pyrenean orogenesis caused the emer- 
gence of this older arc and created a new volcanic arc on its inner side, 
the volcanic arc of the Lesser Antilles. By these events South and 
North America were connected in upper Eocene time through the 
Antillean arc (Fig. 4C). On the other hand the Pyrenean revolution 
seems to have interrupted the communications previously existing be- 
tween the Antillean and the Mediterranean region, which latter was 
closed towards the west by the creation of the Rifan arc. 
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The relations between the Antillean and the Mediterranean region 
have been only roughly sketched in the present paper. Much more 
stratigraphical and paleontological detail work is necessary in both 
regions before a more accurate account of these interesting relations 
can be attempted. However, the views expressed here are in perfect 
agreement with the recent article of Rutsch (Lit. 49), according to 
which the differentiation of the mollusk fauna of the Mediterranean 
and the Caribbean region began in upper Eocene time. 

A remark may be added on the magmatic cycle of the Antilles, 
which confirms the law established by Kossmat (Lit. 32, pp. 398- 
402): the first phase of an orogenic cycle is characterized by subma- 
rine extrusions of basic lavas of the ophiolitic type (Cretaceous of 
the Curacao Ridge and the Greater Antilles), whereas during the 
second phase large masses of acid plutonic rocks are intruded (gran- 
odioritic rocks of the Curacao Ridge, the Lesser and the Greater 
Antilles, produced at the Cretaceous-Eocene boundary). Owing to the 
fact that the mise en place of the plutonites has consolidated and 
stiffened the underground, in the third phase the eruptions take 
place along fissures (volcanic eruptions on the Curacao Ridge during 
upper Eocene and on the volcanic arc of the Lesser Antilles from 
upper Eocene into Recent time). Van Tongeren, in comparing anal- 
yses of igneous rocks from the three magmatic phases and various 
points of the Curacao Ridge and the Lesser Antilles, states that 
“notwithstanding the large distance and the great difference in geo- 
logical age, the conformity of the chemical properties is striking” 
(Lit. 67, p. 163), thus proving the strongly homogeneous character of 
this magmatic province. 
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JURASSIC-CRETACEOUS (GIRON) BEDS IN 
COLOMBIA AND VENEZUELA! 
VICTOR OPPENHEIM? 

Bogota, Colombia 
ABSTRACT 


This note covering an extensive region in Colombia and Venezuela has for its pur- 
pose the establishment of the identity of the Upper Jurassic Girén in the two countries. 
This opinion is based mainly on wide acquaintance with the Girén in Venezuela and a 
more general study of it in Colombia. However, in the writer’s opinion, it may be sub- 
ject to modification by new observations and new paleontologic evidence. 


Since Hettner (1892) described and introduced the Girén forma- 
tion in the stratigraphy of Colombia (named after his type locality 
near the town of Girén approximately 11 kilometers south of Bucara- 
manga, Santander), there has existed a widespread confusion in the 
definition, limits, and stratigraphic position of the formation. Hettner 
attributed to his Girén a Cretaceous age, without however having 
found fossil evidence in his type locality. As a result the Girdén of 
Hettner covers strata of different formations and ages. 

The conception of the Girén beds as a stratigraphic unit has since 
been extended over large areas of northern and eastern Colombia, and 
southern as well as western Venezuela. However, in Venezuela, the 
same Girdén beds were originally called by Sievers (1888) “Conglome- 
rado de Lagunillas,” which included only the lower part of Hettner’s 
Girén. The age of the Venezuelan Girén was much disputed and Lid- 
dle placed his ‘Old Red series” somewhere between the Devonian and 
the Jurassic. L. Kehrer (1937) considered his Girdn of Lower Creta- 
ceous age. 

The writer (1937) referred to the same formation in the Venezue- 
lan Andes, as the “‘Red formation” and from stratigraphic position, 
as well as correlation, deduced its age as being Upper Jurassic or lower- 
most Cretaceous. 

Recently, several geologists of the Shell Petroleum Corporation, 
L. Kehrer (1938), and Kundig (1938), described fossils from the Girén 
beds at the locality of La Quinta near La Grita (Tachira) in Vene- 
zuela. These consist of fish remains, fish scales, and coprolites, all of 
which were determined by A. Smith Woodward as belonging to the 
ganoid genus Lepidotus, common in the Jurassic of Europe and also 


1 Manuscript received, February 12, 1940. 

2 Consulting geologist, Apartado 381. The writer wishes to acknowledge the dis- 
cussions he had with A. K. McGill and F. B. Notestein on the subject of the Girén 
in Colombia. He also wishes to thank Benjamin Alvarado and Félix Mendoza for the 
— = a to prepare this paper for the Departamento de Petréleos in Bogoté, 
Colombia. 
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occurring in the Lower Cretaceous of Brazil. Woodward, however, 
favors an Upper Jurassic age of these ganoid remains. 

Due to this discovery the designation of the La Quinta formation 
after the type locality was officially accepted to replace the terms 
“Girén,” “Lagunillas conglomerate,” or “Old Red series,” in Vene- 
zuela. Thus, it seems that the debated question of the age of the 
Girén beds in Venezuela, can be resolved as Jurassic, possibly Upper 
Jurassic. 


TABLE I 


GENERAL CORRELATION CHART OF CRETACEOUS-JuRASSIC BEDS 
IN COLOMBIA AND VENEZUELA. 


VENEZUELA COLOMBIA 
State of Tachira Norte de Santander Cordiliera Oriental Middie Magdaicna Valley 
(Barco Concession) (After AK McGiil) 
Rio de Oro Shale 
UPPER 2(15-190m ) Umir Beds 
Mito Juan Shale Guadalupe Beds 
(330°420 m 271060 m } 
Colon Shale Colon Shale 
Villeta 
la Luna la Limestone “oper 
£(50m ) (50-90m Tablazo Shale 
CRETACEOUS Cogotlo Series Cogollo (1500m)} 
£(180°490m J Tablazo Limestone 
Lower Villeta Pay Shale 
Lower Tomon Series Uribante Beds Santa Rosa Lénestone 
2 (800m) 2(500-550m ) 4 
CRETACEOUS 


UPPER 
La Quinta Series Giron Beds 
JURASSIC (Giron) £(3000m ) (500m)? 


CAMBRIAN 
TO 

ALGONQUIAN 


Metamorphic formations 
(Phyltites, micaschists, granites, ete ) 


In Venezuela the Jurassic La Quinta formation occurs not only in 
the states of Tachira and Mérida but also in the Sierra de Perija 
Mountains west of the Maracaibo basin. 

The La Quinta formation (Girén) in the Venezuelan Andes con- 
sists of red massive conglomerates at the base. These are interbedded 
with red sandstones and dark red clay shales. The conglomerates are 
irregular and vary in size from small pebbles to boulders the size of a 
fist and larger. They consist either of quartz or, east of Mérida, gran- 
ite and metamorphic rocks. In the upper part the sandstones acquire 
a clearer color and in eastern Tachira (according to the writer’s ob- 
servations) grade into yellowish white sandstones of the overlying 
Lower Cretaecous beds which belong to the Tomon series. 
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The conformable contact of the two formations, with their gradual 
passage from one into the other, was observed by the writer in several 
localities in TAchira and is also confirmed by similar observations 
made by Hedberg in the Perijé range. However, Kundig mentions a 
hiatus between the La Quinta (Girén) and the overlying Tomon series. 
If such an unconformity exists it is undoubtedly local. 


Fic. 2.—Gir6n beds on road from Girén to Lebrija (Santander). 


The maximum thickness of the La Quinta (Girén) series in Vene- 
zuela is about 3,000 meters; however, it varies greatly from one place 
to another. The occurrence of malachite and azurite is in places char- 
acteristic of this formation in Venezuela. 

The overlying Tomon series is a succession of white to gray, 
quartzitic (in places micaceous) sandstones, interbedded with black- 
ish gray clay shales, some of which are carbonaceous. Both the sand- 
stone beds and the shale bear plant remains and coaly plant impres- 
sions. The lowest part of the series is commonly interbedded with 
fossiliferous limestone. In the state of Tachira the thickness of the se- 
ries is about 800 meters. 

While the La Quinta formation (Girén) generally overlies trans- 
gressively the metamorphic basement rocks over great areas (except 
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where it lies in contact with the lower Paleozoic), the conformabie 
Tomon series transgresses the basement only in the 2reas north of 
Tachira, where the La Quinta (Girén) is missing, through erosion or 
non-deposition. 

In Colombia the two formations, that is, the equivalent of the La 
Quinta formation and the equivalent of the Tomon series, were for a 


Fic. 3.—Sandstone beds of Cocuy series forming high ridges of Nevado de Cocuy 
(elevation, approximately 5,200 meters). Faulted escarpment faces east toward the 
llanos. 


long time associated under the term -Girén beds, as originally used by 
Hettner. 

However, Grosse as early as 1930 observed the striking difference 
in the lithologic character of the formations composing the original 
Girén of Hettner, and in the Gambita Mountains region separated 
the upper part of the formation, which he called the “White sandstone 
beds,” from the lower, true Girén beds. Also Notestein (Schuchert, 
1935) noted the apparent confusion in the nomenclature of the two 
different formations. 

Notestein observed an unconformity near Los Santos, between the 
true redbeds of Girdn and the overlying series of white to gray sand- 
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stones. It seems probable, however, that the unconformity is local, 
and in general the formations form a transitional contact. 

E. A. Scheibe (1938) admits that the Girén of Hettner includes 
several formations and proposes to subdivide it into upper and lower 
Girén, without, however, definitely separating the two formations. 

Scheibe, in his general geological map of the Cordillera Oriental of 
Colombia, includes in the Girén beds also the Cocuy quartzite of 


Fic. 4.—Girén beds at contact with Cocuy series sandstones near La Mesa 
(elevation, approximately 3,300 meters) on road to Bucaramanga. 


Hettner. Now, the formation forming the escarpment ranges and 
Nevado de Cocuy represents a great thickness of white to grayish 
yellow, coarse to medium-grained sandstones, interbedded with gray 
to black beds of clay shales, which are in places carbonaceous. The 
shale and the sandstones bear plant remains and impressions, which 
the writer observed in a large area on the Nevado de Cocuy, and here 
designates as the Cocuy series. 

East of the Paramo de Chita and at the foot of the eastern escarp- 
ment, above the Salina de Chita, R. Scheibe in 1922 found plant re- 
mains, which according to Th. Lipps were determined as: Weichselia 
cf. peruviana (Neumann) Zeiller and Brachyphyllum sp. cf. Pompeckiji 
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Salf. Thus the age of the Cocuy series seems to be determined as Neo- 
comian. The same sandstone beds of Cocuy were observed by the 
writer in wide areas in the Cordillera Oriental, varying locally in tex- 
ture and color. They extend over many high pdramos, for example, 
Almorzadero, Mogorontoque, and Santurban. The resistant sand- 
stone beds form typical and conspicuous escarpments. 

The Cocuy series may well be associated with the ‘White sand- 


Fic. 5.—Liméstone beds of lower part of Cocuy series near 
ia Mesa. Limestone is richly fossiliferous. 


stone beds” of Grosse, and represent the upper (Cretaceous) part of 
Hettner’s Girdn. 

The thickness of the Cocuy series exceeds 2,500 meters; however 
in other localities of the wide area of its occurrence it seems to be con- 
siderably thinner. 

In 1937 the writer had the opportunity of studying the geology of 
the state of Tachira in Venezuela in some detail. A reconnaissance 
through the Cordillera Oriental of Colombia permitted him to follow 
the stratigraphic development of the formations in question in the 
two countries. 
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Besides the type locality, near Girén, the true red Girdén beds are 
well exposed at La Mesa, on the descent from Paéramo Santurban to 
Bucaramanga, at an elevation of approximately 3,280 meters. In this 
area the contact with the limestone beds of the i di Cocuy series 
seems to be unconformable. 

The true Girén beds can also be observed on the road from Buca- 
ramanga to Tunja in the valley of Rio Chicamocha, overlying the 
metamorphic basement at elevations of about 2,700 meters. The over- 
lying Cocuy series is typically developed in the valley of Rio Suarez 
on the road to Ciba. The Girén also appears underlying the Cocuy 
sandstone series at Sogamoso and on the road to Cicuta, the first out- 
crops occurring near Chitaga. 

Conclusion.—It appears that the Girén of Hettner covers two dif- 
ferent formations, for the following reasons. 

1. The true Girdn, consisting of red, conglomeratic sandstones and 
clay shales, transgressing over the metamorphic basement, is appar- 
ently of Jurassic age, because these beds represent the southerly con- 
tinuation of the paleontologically identified La Quinta formation 
across the Colombian border. 

2. It underlies a well developed and very widely distributed series 
of sandstones (gray-yellow to white, with some limestone beds at the 
base)—the Cocuy series of Lower Cretaceous age. 

The Cocuy series can be followed rather definitely from east of 
Bogota (Caqueza region) along the Cordillera Oriental to the Vene- 
zuelan border, where it corresponds with the Venezuelan equivalent— 
the Tomon series, or Uribante beds of Sievers. 

In the Rio Negro-Caqueza region in Colombia, the same sequence 
of the Cocuy series appears as the Caqueza series, and was erroneously 
described by W. Kehrer (1936), as the Girén beds of the Bogot4-Vil- 
lavicencio section. 

Thus the fossils described by Karsten (1886), such as the ammo- 
nites, Crioceras duvalii Lev. var. undulata, and others, clearly indi- 
cate the Lower Cretaceous (Lower Neocomian) age of the Caqueza 
series, corresponding with the same age of the Cocuy series on the 
north, along the Cordillera Oriental. 

In conclusion, a paleogeographic sketch of northwestern South 
America in Jurassic time shows that it is now possible to extend the 
marine Jurassic sedimentation from Peru (its northernmost known ex- 
tent until recently) across extensive areas in Colombia and Venezuela 
and as far as Trinidad. According to recent information furnished by 
A. G. Hutchison (1938) an Upper Jurassic ammonite fauna of Idoceras 
C. Burckhardt was found near Puerto Espafia, Trinidad. 
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PALEOZOIC LIMESTONE OF TURNER 
VALLEY, ALBERTA, CANADA! 


W. D. C. MACKENZIE? 
Turner Valley, Alberta 


ABSTRACT 


Paleozoic limestone and dolomite of Mississippian age, ascribed to the Rundle 
formation (probable Madison equivalent of Montana) is the chief oil and gas formation 
in Turner Valley, Alberta. Production is obtained in two main porous producing zones 
which are found within the first 450-460 feet of the Paleozoic. 

The producing zones are dolomites separated by a dense hard zone with consider- 
able chert. The porosity determinations vary from 1 to 20 per cent. Variations of 
porosity and permeability, presence or absence of secondary calcite in the porous zones, 
and fractures make the determination of reserves on the basis of the volumetric method 
inadvisable. Chemical analyses of the producing zones are given and the results of 
acid treatments are discussed. Electrical logging is still in the experimental stage. 


INTRODUCTION 


Practically all the gas and oil production in the Turner Valley field 
of Alberta comes from the Paleozoic limestone. It is a well known fact 
that reservoir studies of many limestone fields are complicated by the 
wide variations of porosity and permeability; and Turner Valley is no 
exception. A thorough analysis of all available geologic data pertain- 
ing to the producing formations should guide engineers when at- 
tempting to make estimates on reserves and similar problems. During 
the past 2 years the writer has made a detailed study of the producing 
Paleozoic limestone of Turner Valley in an attempt to compile some 
data that might be of assistance in geologic correlation and production 
engineering practice. 


GENERAL STRUCTURAL GEOLOGY 


The reader is referred to papers by George S. Hume,’ Theodore A. 
Link and P. D. Moore‘ and A. J. Goodman’ for excellent contributions 


1 Published by permission of Royalite Oil Company, Limited. Manuscript received, 
January 18, 1940. 
2 Petroleum engineer, Royalite Oil Company, Limited. 


3 George S. Hume, “Oil and Gas in Western Canada,” Geol. Survey Canada, Econ. 
Geol. Ser. 5 (2nd ed.). : 
, “Turner Valiey, Alberta,” Geol. Survey Canada Paper 38-7 (1938). 
, ‘The Stratigraphy and Structure of Southern Turner Valley, Alberta,” 
ibid., Paper 38-22 (1938). 
, ‘The Stratigraphy and Structure of Turner Valley, Alberta,” ibid., Paper 
39-4 (1939). 

4 Theodore A. Link and P. D. Moore, ‘Structure of Turner Valley Gas and Oil 
Field, Alberta,’’ Bull. Amer. Assoc. Petrol. Geol., Vol 18, No. 11 (November, 1934). 


5 A. J. Goodman, “Notes on the Petroleum Geology of Western Canada,” Jour. 
Inst. Petrol. Tech., Vol. 21, No. 138 (1935). 
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on the structural geology and general stratigraphy of Turner Valley. 
To discuss the orogenic history of the structure would be outside the 
scope of this paper and would be mere repetition of the previous con- 
tributions. However, some generalizations on the structural geology of 
this field are necessary before the productive formations can be dis- 
cussed, because of their interrelationship. 

Figure 1 is a typical section taken normal to the strike. The struc- 
ture is shown as an anticline on the upthrown side of a major sole 
fault. This thrust sheet, developed by the Rocky Mountain uplift, is 
one of the most easterly of the Foothills belt. One mile east of the 
structure the west limb of the Alberta syncline has a regional dip of 
about 5°E. The steep dip of the east flank of the Turner Valley anti- 
cline is probably due to drag folding when displacement of the thrust 
sheet took place. Hume® regards the faulting as being “the major 
structural feature and the whole structure as being a drag fold above 
it due to eastward thrusting . . . some preliminary folding took place 
but the faulting rather than the folding is the important feature.” 
Link and Moore,’ in a comprehensive discussion of the Foothills 
orogenies as applied to Turner Valley, bring out this same principle. 
The compressive forces from the west caused a great number of minor 
faults and folds in the relatively incompetent Cretaceous and Jurassic 
beds, but they did not deform the Paleozoic limestone to the same 
extent, because of its competency. 


GENERAL STRATIGRAPHY 


For the purposes of this paper the abridged geologic column in Ta- 
ble I should be sufficient to give the reader a general idea of the strati- 
graphic section. The now established subsurface stratigraphy of all 
pre-Montana strata in Turner Valley is almost wholly the work of 
P. D. Moore and J. G. Spratt. However, in the last 3 years, many wells 
have penetrated as much as 3,500 feet of Montana sediments before 
encountering the Colorado (or Benton). Correlation of these younger 
and more difficult sediments is being done jointly by all geologists ac- 
tive in the field. 


PALEOzoIC LIMESTONE 


The Paleozoic limestone in Turner Valley is commonly referred to 
as the ‘‘Madison lime” and is the approximate equivalent of the Mad- 
ison in Montana. In southern Alberta the Paleozoic is well exposed in 


6 George S. Hume, personal correspondence (1939). 
7 Theodore A. Link and P. D. Moore, of. cit., p. 1438. 
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the Banff area and studies of this area by Dowling,* Shimer,® War- 
ren,!° and Allan! have resulted in a type section. The Turner Valley 
Paleozoic limestone is correlated with the Rundle formation of the 
Banff section. Recent work by Warren” indicates that the Rundle is 
Mississippian. 

TABLE I 


ABRIDGED GEOLOGIC COLUMN 
TURNER VALLEY GAS AND OIL FIELD 


Normal 
Age Series Formation | Thickness Lithologic Character 
(feet) 

Edmonton ? Non-marine; coal, coaly shales, 
sandstones, shales, and sandy 
shales 

Upper Montana | Bearpaw 200+] Marine; near shore; sandy shales 
Cretaceous 

Belly River 1,600 | Non-marine; coaly shales, sand- 
stones, shales, and sandy shales 

Alberta shales | 2,500 | Marine; shale, a few sandstones 

Colorado | (Benton) near top and base 

Blairmore 1,100 | Non-marine; lower part may be 
semi-marine; coaly shales, sand- 
stones, shales, and limy sand- 
stones near base 

Lower Kootenay too | Coal and coaly shales 
Cretaceous 
Jurassic Fernie 250 | Marine, sandstone at top, shales 
and limestone bands 
Paleozoic Rundle or 1,200 | Limestone 
Madison 


Link and Moore® state that the two probable sources of the oil 
produced from the Paleozoic are the Fernie (Jurassic) shales and the 
upper sections of the Paleozoic limestone. Goodman* also postulates 
a Paleozoic origin for most of the hydrocarbons. This theory is now 


8 D. B. Dowling, Geol. Survey of Canada Pub. 949 (1907). 

9H. W. Shimer, Geol. Survey of Canada Sum. Rept. (1910); Bull. Geol. Soc. America, 
Vol. 24 (1913), Pp. 233-40, 112-13. Geol. Survey of Canada Bull. 42 (1926), pp. 1-84. 

10 P. S. Warren, Geol. Survey of Canada Mem. 153 (1927). 

J. A. Allan, Geol. Survey of Canada Sum. Repts. (1912-1914-1915); also Guide 
Book No. 8, Pt. 11. 


12 P. S. Warren, ‘The Limestones of the Rocky Mountains in Canada’’ (unpub- 
lished manuscript). 

18 Link and Moore, oP. cit., p. 1437. 

4 A, J. Goodman, op. cit., p. 250. 


| 
i 
‘ 


\ z 


NI 
Ni ; 
02 41 


4u3HD 

- 


GN393 71 


Z 


| 4 
} 
3 
ia! 
i 
| 
\ 
= \ 
A 
| 
| 
a | 
| | ) | <a 
| 
f i | fo} 
a | 
i 
i 
| 


WS m/ 2304 

/ 
7 ° 
IE 
wz 
o 


AN — 


| 

SS 

<a 

: = 

& ° i | = 

< F 

| | 

i 


1626 W. D. C. MACKENZIE 


generally accepted although at the time that Goodman, Link, and 
Moore published there seemed to be some opposition to this view. 

The problem of migration of the hydrocarbons has caused con- 
siderable speculation; theories on time and distance of migration de- 
pend on each individual interpretation of the orogenic history. In the 
writer’s opinion the migration of the hydrocarbons did not take place 
either laterally or vertically for any great distance. 


CORRELATION OF PRINCIPAL LIMESTONE ZONES 


In Figure 2 the field is divided into five areas and on it a type log 
of the limestone constructed for each area. The logs of all wells that 
have penetrated the Paleozoic limestone in Turner Valley were care- 
fully studied before preparing the data used in Figure 2. The upper 
section of the type log for areas D and E may be open to some criti- 
cism. Most of the wells drilled in areas D and E were completed prior 
to 1932 and a number are known to have deviated considerably from 
vertical. As very few of these wells have been directionally surveyed, 
the limestone dips may be incorrect. 

In Figure 2 the five type logs have been correlated in the profile. 
This profile reveals at least one important fact: the thickness of the 
upper porous zone is relatively uniform, but the lower porous zone is 
absent in area D and is only 5~10 feet in thickness in the south part of 
area A. Since the upper porous zone and the lower porous zone are 
the main producers, their extent is important. Those who wish to cal- 
culate the total void space for reserve estimates should consider the 
variaticns in the thickness of the lower zone. 


PETROGRAPHY OF LIMESTONE 
NOMENCLATURE 


It is unfortunate that the limestone zones were not better named 
than ‘Upper porous,” ‘Middle hard,” “Lower porous,” e¢ cetera, as, 
although locally descriptive, they are sometimes confusing. These 
names have been generally accepted, and in some cases written into 
Government regulations, so that changes are now not possible. It is 
hoped that reference to Figure 2 will clarify any of the later statements 
that may involve difficulties with local names. 

Porous zones.—In all Paleozoic samples from Turner Valley, po- 
rosity is everywhere associated with dolomitization. With the petro- 
graphic microscope it is commonly impossible to differentiate between 
dolomite and calcite crystals. Therefore, to make a positive identifi- 
cation of the dolomitic zones, chemical analyses of certain samples 
were made. All the limestone cuttings from Davies Petroleum No. 2 
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Fic. 4.—6o mag., X-nicols, Sterling Pacific No. 6, lower porous zone, 7,050 feet. 


Fic. 5.—60 mag., X-nicols, West Turner No. 1, lower porous zone, 7,240 feet. 
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(area A, Sec. 21, T. 18, R. 2 W., 5th) were analyzed quantitatively 
for calcium, magnesium, and silica. Campbell made a similar analysis 
of the Sioux City No. 1 (area E£, Sec. 1, T. 20, R. 3 W., 5th) limestone 
samples and then showed graphically the percentage of dolomite. The 
results from the Davies Petroleum No. 2 and Sioux City No. 1" deter- 
minations are shown in Figure 3. In this graph, values of Ca and Mg 
were computed to CaCO; and CaMg(COs;)2 by merely assuming all the 
Mg to have originated from dolomite. It should be quite evident that 
the porous zones are almost pure dolomite. 

Figures 4 and 5 are typical thin sections of fragments from the 
porous zones. The characteristic feature of these sections and all 
others made from porous chips is the crystalline appearance. In core 
specimens the voids are relatively small; a very few might be } inch in 
diameter but the great majority are less than 1/16 inch. In areas D 
and £ of Figure 2 the porous zones are commonly brown in color but 
almost everywhere in areas A, B, and C their color is white. 

On Figure 5 the marked areas P; and P2 are voids and C indicates 
calcite crystals. In certain thin sections it was observed that calcite 
crystals occurred at or near the boundaries of the voids. Lemberg’s!” 
solution was used to identify these calcite crystals before final prepa- 
ration of the thin section. With polarized light these calcite crystals 
would invariably have ‘‘mutual extinction’; hence, it seems probable 
that in certain parts of the porous zones secondary calcite has been pre- 
cipitated. Goodman*® also observed calcite crystals having ‘‘mutual 
extinction” in some of his sections of porous chips from Sioux City No. 
1 and stated that the porosity had been reduced by the precipitation 
of these secondary calcite crystals. A large number of thin sections 
from the porous zones have been examined. In some cases possible sec- 
ondary calcite crystals were observed but in many other sections they 
were absent. Where observed the crystals have undoubtedly reduced 
the porosity, but the reduction in permeability as compared with the 
pure porous dolomite is of great importance. The limits of drainage of 


18 W. P. Campbell, “Variations in the Chemical Composition of the Oil and Gas 
Bearing Limestone at the Sioux City Well, Turner Valley, Alberta,”’ Trans. Canadian 
Inst. Min. Met., Vol. 40. 


16 Only Campbell’s analysis for the upper 670 feet of limestone is shown in Figure 3. 


17 Lemberg’s solution—preparation described in W. H. Twenhofel, Treatise on 
Sedimentation, 2nd ed., p. 331: “prepared by boiling for 20 minutes a mixture of 4 
grams A/C, 6 grams extract of logwood and 60 grams of water, with constant stirring 
and replacement of water lost by evaporation.” The mixture is cooled and filtered. 
Dilutions between 1:20 and 1:40 seem to give the best results. 


418 A. J. Goodman, op. cil., pp. 231-34. 
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a bore hole could well be dependent on the extent of zones in which 
reprecipitation has taken place. 

Crystalline zone.—Figures 6, 7, and 8 are representative of the 
crystalline zone as encountered in areas A, C, D, and E of Figure 2. 
As the name implies, the drill cuttings are crystalline in appearance, 
and they are invariably soft and almost pure white in color. Although 
Figures 6,7, and 8 appear dark, this was done purposely with polarized 
light in an attempt to bring out the detail as satisfactory photographs 
of these sections were difficult to make. All thin sections examined, 
drill cuttings, and core specimens, show no porosity. In one well at the 
extreme south part of area A of Figure 2 the crystalline zone extended 
from the base of the middle hard zone tothe black limestone, and drill- 
ing was completed after a few feet of black limestone had been pene- 
trated. Shortly after the well was brought into production it was acid- 
ized with a packer set in the middle hard zone. In the hope that the 
geological log was in error the crystalline zone was acidized but in 
spite of high pump pressures no fluid would penetrate the crystalline 
zone. Abundant microfossils as in Figures 6 and 8 are often found in 
sections of the crystalline zone. 

Referring again to Figure 3 it is evident that the crystalline zone is 
principally calcitic. The writer at one time held the opinion that the 
crystalline zone was once part of the lower porous zone and was later 
rendered non-porous by precipitation of secondary calcite in the voids 
of the dolomite. This theory was discarded for two principal reasons 
as follows. 

1. It would be expected that at least some voids would be ob- 
served which are not completely filled by secondary calcite, yet no 
such evidence has ever been obtained. 

2. If the crystalline zone was once a porous dolomite the percent- 
age of dolomite in this zone should be much greater than shown by 
chemical analysis. ~ 

The writer therefore considers the crystalline zone as being a sec- 
tion of the limestone that has never been dolomitized. The relation- 
ship between the crystalline zone and the lower porous zone is an in- 
teresting problem in sedimentation. In Figure 2 the formations below 
the middle hard zone are either porous and dolomitic, or non-porous 
and calcitic, or distinct combinations of both. One possible theory is 
suggested and is dependent on the assumption that leaching and re- 
placement are processes necessary in the formation of dolomite. If 
certain areas were dolomitized soon after, or contemporaneous with 
sedimentation, then waters high in calcium carbonate would be pres- 
ent in areas adjacent to the dolomitized “islands.’”’? Consequently 
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highly talcitic limestones would be formed around the dolomitized 
areas. Small volumes of the leaching waters may have remained in the 
porous dolomite and as a result some reprecipitation of calcite took 
place in the voids of the dolomite (C in Fig. 5). 

Middle hard zone and upper dense zone——The most persistent 
marker in the limestone is the middle hard zone. Throughout the field 
it is a dark, non-porous, dense, and siliceous limestone. Two or three 
bands of pure chert, about 1~2 feet in thickness, are everywhere en- 
countered in the middle hard zone. As many as 20 rock bits have been 
required to drill this extremely hard 69-foot zone. In thin sections of 


Fic. 9.—6o mag., ordinary light, Dalhousie No. 8, black limestone, 6,900 feet. 


cuttings from this zone the crystal boundaries could not be observed 
at magnifications of less than 150X. 

The upper dense zone and the middle hard zone are similar. In the 
upper dense zone most of the limestone is dense and non-porous, with 
some sections being also extremely hard. In color the upper dense zone 
is dark gray to buff. One thin chert band is ordinarily encountered 
about 20 feet above the base of this zone. Although the first hundred 
feet of the Paleozoic drilled is called the “Upper dense,” there are 
porous parts in this zone. In all areas of Figure 2 a porous band is 
shown about 10 feet below the Jurassic-Paleozoic contact. This thin 
porous band is dolomitic but has not yielded commercial production 
and is in many places cemented off because the oil string is usually set 
10-20 feet in the Paleozoic. In areas D and E (Fig. 2) an irregular po- 
rous zone is shown 60 feet below the top of the limestone and, in two 
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or three wells, this porous zone has been the main producer. 

Black limestone.—Figure 9 is an example of a typical chip from 
near the top of the black limestone. Drilling is usually stopped when 
the black limestone is encountered. Only three wells have penetrated 
more than 1,000 feet of the black limestone. The total normal thick- 
ness is estimated to be about 800 feet.This part of the Paleozoic sec- 
tion consists of black, non-porous limestone, commonly dense, al- 
though some crystalline zones have been observed. Microfossils are 
ordinarily observed in the thin sections. Eleven wells have drilled 
more than 250 feet of black limestone, and, with one possible excep- 
tion, no encouraging showings of gas or oil were encountered. On this 
evidence no well has drilled more than 300 feet of “black lime”’ since 
1937: 

POROSITY MEASUREMENTS 

In the Turner Valley field very little coring in the Paleozoic lime- 
stone has been undertaken. Extensive coring programs have been 
carried out in only eight wells. Two of these have been done in the last 
3 years, during which time eighty’ wells have been completed. It is 
therefore obvious that any average porosity figure for the main pro- 
ducing zones must be determined by the very dubious method of es- 
timates from drill cuttings. Several attempts have been made to class- 
ify porous cuttings as “fair porosity,” “good porosity,” e¢ cetera, but 
the personal error is so great that the results of any such estimates 
are merely empirical. The writer has devised a method whereby an 
estimate of the porosity of a sample of porous chips can be made 
fairly rapidly and the result may be of some value. A marked area of 
the stage of a binocular microscope is covered with drill cuttings of 
uniform size. The number of chips that contain definite pores are 
counted, and this total muitiplied by a predetermined factor will re- 
sult in the ‘‘comparative porosity.”’ The factor was determined in the 
following manner. Core specimens. were broken to the size of the drill 
cuttings used, and the marked area on the stage covered with these 
fragments. A number of “counts” were then made with the micro- 
scope. The factor was obtained by dividing the average of the core 
fragment “‘counts”’ into the measured porosity of the core. There are 
many obvious discrepancies in this method of estimating porosity, as 
no consideration is given for the size or the number of the pores. How- 
ever, the results have been used successfully in a number of acidizing 


-_problems, and it is felt that the method is much better than attempt- 


ing to use descriptive terms. 


19 June, 1936, to June, 1939: 80 wells completed in the limestone; 3 of these were 
non-commercial. 
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Paleozoic logs are usually prepared as shown in Figure 10. When- 
ever the data are available drilling speeds are plotted in conjunction 
with porosity. In Figure ro the two wells are only 1,600 feet apart, yet 
marked differences in the porosity values are obvious. Attempts have 
been made to delineate areas of high and low porosity, but no reasona- 
ble pattern could ever be attained. 

Porosity determinations on the core specimens that have been 
taken range between 1 and 20 per cent, and the average is about 10 
per cent for both the upper and lower porous zones. Estimates from 
cuttings roughly check this average; however, these estimates are not 
considered reliable. All porosity determinations on the core specimens 
were done by the “grain and bulk density” method.” No “effective 
porosity’ determinations have been made. 


PERMEABILITY 


No permeability determinations have been made on any Turner 
Valley cores. The relative permeability of the producing zones varies 
widely throughout the field as shown by subsurface pressure data. 

In Figure 11 the bottom-hole pressure is plotted against shut-in 
time for four wells. Locations B,C, and D were chosen, because prior 
to the build-up tests all three wells had been produced at low back- 
pressures, and the total amount of oil produced from each was approx- 
imately the same. Under comparable conditions the rate of build-up in 
pressure is a function of the permeability so that the trends of the 
curves B, C, and D will illustrate the relative permeability at each of 
these locations. The build-up test A was made immediately after the 
well was completed, and this curve is shown to emphasize the fact that 
the average permeability is low. Well A was one of the largest pro- 
ducers in the field, yet, after a shut-in of 120 hours, the pressure was 
still building at the rate of 1? pounds per hour. 

Many other instances could be cited to show the variations in per- 
meability, but in studying subsurface pressure data a complete analy- 
sis of producing conditions must be made and presented for each case, 
and space does not permit this. . 

Link and Moore! were the first to attribute the great variation of 
production of near-by wells to fracturing. Spratt and Taylor” in dis- 


20H. R. Brankstone, W. B. Gealy, and W. O. Smith, “Improved Technique for 
Determination of Densities and Porosities,” Bull. Amer. Assoc. Petrol. Geol., Vol. 16, 


No. 9 (September, 1932), pp. 915-23. 
*t Link and Moore, of. cit., p. 1438. 


2 J. Grant Spratt and Vernon Taylor, ‘Oil Prospects along the West Flank of the 
_ Turner Valley Gas Field,” Canadian Inst. Min. Met. Bull. (1936), pp. 713-22. 
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cussing the importance of fracturing to permeability wrote as follows. 


Certain wells have had a very small daily production and at the same 
time have had just as much porous limestone as that found in some of the 
best producers in the field. The most logical explanation of this condition is 
that, in the best producers, the porous zone has been fractured by the stresses 
prevalent when the structure was being formed... . It would be expected 
that fracturing would be developed along the crest of the structure, where the 
limestone has been folded, and for this reason a greater degree of permeability 
may exist in the gas zone than farther down the flank. 


There are three types of fracture systems resulting from tension 
stresses. 

1. At the crest of the anticline longitudinal tension fissures were 
developed when the block was folded. In cross section these fractures 
will converge from the outer surface of a competent bed toward the 
core of the anticline, and in plan they will be roughly parallel with the 
strike. 

2. Minor folds and faults involving the Paleozoic limestone do ex- 
ist and have caused fracturing. However, such secondary structures of 
any magnitude are very few in number. 

3. As the thrust sheet moved eastward at the time of the major 
dislocation, the resistance of the beds on the downthrown side to the 
thrust movement was not equal over the entire length of the sheet. 
Consequently minor tension or tear faults, such as those described by 
Link,* may have occurred. No displacement of a tear fault has ever 
been defined by the drill. These postulated tear faults may have dis- 
placements of only a few inches but since they are tension phenomena 
they would be sufficient to cause the fractures that are known to exist 
in the limestone on the west flank of the structure where fractures of 
types 1 and 2 can hardly be expected. 

Often the geologist is subjected to some good- humored criticism 
when the log of the limestone shows very low porosity and the well is 
immediately completed as a “‘big one.”’ The presence of these fractures 
serves as a convenient and logical explanation. 

Recognition of a fracture is simple and definite where an electric- 
log survey is taken. Both the impedance and potential curves give a 
decided ‘‘kick” opposite a fracture. If a fracture zone exists in a non- 
porous section, acid will sometimes penetrate it when the well is 
acidized. One major oil company makes a practice of analyzing the 
spent acid returned from each treatment. In Table II the results of a 
few analyses are shown, in which the values of Ca and Mg have again 

23 Theodore A. Link, “The Origin and Significance of Epi-Anticlinal Faults as 
Revealed by Experiments,” Bull. Amer. Assoc. Petrol. Geol., Vol. 11, No. 8 (August, 
1927), pp. 853-66. 
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been computed to dolomite and calcite by assuming all the Mg to be 
from dolomite. In Royalite No. 41 a fracture in the crystalline zone 
was indicated in the electric log record and the spent-acid results 
clearly show that the acid was not spent in the porous dolomite but in 
a fractured calcitic zone. 

Definite slickensided surfaces have been observed in core speci- 
mens and drill cuttings from wells on the west flank, giving evidence 
that minor displacements have taken place and have probably caused 
some fracturing. 


TABLE II 
‘(MINERALOGICAL BALANCE” OF SPENT-ACID ANALYSIS 
Location Area Percentage 
Well Sec., Town- as in Zone Treated 
ship,R2W5 Figure2 Calcite Dolomite 
Royalite 34 5 19 C 2 98 Upper 
Royalite 41 17 18 A 59 41 Fracture 
Royalite 42 32 18 B 2 98 Upper 
Royalite 42 32 18 B 5 95 Upper 


Drill-stem tests of the upper porous zone have becn made at some 
locations. In five wells the production from the upper and lower po- 
rous zones have been tested separately. The information from all these 
tests does not show one zone to be consistently more productive than 
the other. In one well the upper zone may produce most of the oil and 
gas, in the next, the lower zone will be the main producing bed. How- 
ever, more data of this nature are required, particularly after the wells 
have been acidized, and then possibly certain areas can be defined in 
which the main producing zone can be predicted. From the present 
conception of the permeability it would seem that varied productivity 
of the two zones should be expected. 

Three wells have been drilled on the west flank of area E; two of 
these are non-commercial and the, third, recently completed, gives 
every indication of being a small well. The permeability of the upper 
zone in this area is apparently very low, possibly due to precipitation 
of secondary calcite, while the lower zone is absent, as shown in Figure 
2. 

ACIDIZATION 


All crude-oil wells are acidized at least once soon after completion, 
and many excellent increases have been obtained. The average volume 
of acid used per treatment is between 7,000 and 10,000 gallons (U.S.). 
The following geologic data are usually studied before a treating tech- 
nique is decided upon. 
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1. The thickness and approximate average porosity of the producing 
zones.—In the initial treatment the volume of acid is often decided on 
by the thickness and approximate porosity of the porous zones; subse- 
quent volumes are based on the rate of penetration of acid in the first 
treatment. 

2. The limits of the middle hard zone.—This information is neces- 
sary as most operators acidize with a formation packer set in the mid- 
die hard zone so that the acid will be properly directed. 

3. The evidence of any fracturing.—tIn some wells it is necesssary 
to prevent acid from penetrating fracture zones, and in such instances 
the exact location of these zones is of great importance. 

4. The extent of the crystalline zone-—Although the crystalline zone 
is non-productive it deserves consideration because of one special 
condition which might arise in a well that has encountered a thick sec- 
tion of this zone. In an acid treatment of such a well, where a packer is 
not used or does not maintain a shut-off, it is possible that the acid 
may rise slowly or fall slowly in the hole. If such is the case the acid 
may be rapidly spent on the highly soluble calcite before penetration 
is achieved. The result may be an unsuccessful treatment. 


SHOOTING WITH NITRO-GLYCERINE 


Several of the older wells drilled in the gas cap were shot with ni- 
tro-glycerine and in some cases good “increases” were obtained but in 
others no increase in production resulted from the shots. Only five 
producing crude oil wells have been shot but the results have been 
disappointing. In many wells the porous zones are probably too soft 
to be artificially fractured. However it is quite possible that a tech- 
nique might be developed whereby the producing zones could be ef- 
fectively fractured. Present indications are that shooting should be 
confined to slightly porous or brittle zones where the compressive 
strength of the formation is considerably greater than the average 
porous zone. 


ELECTRIC LOG OF PALEOZOIC LIMESTONE 


At the time of writing only a few electric-log surveys of the lime- 
stone have been taken and this work is only in the early experimental 
stage in the Turner Valley field. As previously mentioned, a fracture 
zone can be readily recognized in any record, but so far this is the only 
definite information that an electric-log survey contributes to the 
geological log of the limestone. Since the oil string is cemented approx- 
imately 1o feet in the limestone the self-potential values must be 
measured without using shale as a base line for the obvious reason that 
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no shale is encountered in the Paleozoic section. In one record there 
was a difference of only 15 millivolts between the porous zones and the 
hard dense zones and the maximum self-potential recorded was 25 
millivolts. Subsequent production data showed the relative permea- 
bility to be better than average. It is estimated that the potential 
generated by electro-osmosis is negligible. However, investigations on 
the connate water present in the producing zones has been very 
limited and possibly this statement may have to be revised when more 
data are available. In the future the electric log may be of great value 
to the geologist in Paleozoic studies in the Turner Valley field. 


CONCLUSIONS 


1. The main producing zones in the Turner Valley field are the 
upper and the lower porous zones of the Rundle or Madison (Paleo- 
zoic) limestone; they are both dolomitic and crystalline. 

2. The extent of these zones is estimated in the profile shown in 
Figure 2. 

3. The porosity and permeability show wide variations from well 
to well. 

4. Probable secondary calcite crystals in the voids of the dolomite 
have reduced the permeability and porosity in certain areas. 

5. The permeability has been increased in certain areas due to 
fracturing. 

6. Since the average permeability appears to be low, the effective 
porosity is therefore also low. Because of this, estimates of reserves 
based on the volumetric method could be misleading. 
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Between April, 1940, and May, 1940, two wells were completed in 
Section 18, Township 19, Range 2, West of the 5th Meridian, and one 
well was completed in Section 13, Township 19, Range 3, West of the 
5th Meridian. The limestone sections at these locations show that the 
north boundary of area C in Figure 2 should be moved approximately 
one mile north. 
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The results of laboratory work on limestone cores that were rec- 


ently taken, are summarized as follows. 


Number of Average Number of Average 
Zone Core Porosity Core Permeability 
Samples in Percent Samples Millidarcys 
Upper porous 4 10.3 - — 
Lower porous 8 12.4 4 r7.% 


During the first half of 1940 most of the operators in the field 
reduced the average volume of acid per treatment and increased the 


number of acid treatments per well. 


| 
t 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 24, NO. 9 (SEPTEMBER, 1940), PP. 1641-1662, 9 FIGS. 


LOWER ORDOVICIAN SANDY ZONES (“ST. 
PETER”) IN MIDDLE TENNESSEE! 


KENDALL E. BORN? 
Nashville, Tennessee 


ABSTRACT 


Several of the deeper wells in the Central Basin and Highland Rim areas of Tennes- 
see have penetrated sandy zones in the Lower Ordovician at depths ranging from 1,250 
to 1,600 feet below the Chattanooga shale and from approximately 600 to 950 feet 
below the base of the Trenton limestones. These zones, which average less than 10 
feet in thickness, are composed of subangular to well rounded, glassy, and frosted 
quartz grains associated with white to gray, granular, and commonly cherty, mag- 
nesian limestone and dolomite. This unit has been correlated by some geologists with 
the St. Peter sandstone of the Mississippi Valley region. 

Recent subsurface studies, especially by the insoluble-residue method, have allowed 
zoning of the pre-Stones River rocks of middle Tennessee. Examination of samples 
from 30 wells demonstrates that where present the so-called “St. Peter” occurs below 
the top of the Knox dolomite group of upper Canadian age. These occurrences with re- 
lation to established subdivisions of the Knox dolomite group show that the “St. 
Peter” is not a definite stratigraphic zone although it generally occurs within the 
upper 300 feet of the Canadian. 


INTRODUCTION 


Although the results to date have been generally discouraging, in- 
terest persists in the oil and gas possibilities of the Lower Ordovician 
rocks in the southern Cincinnati arch region. The Tennessee Division 
of Geology has received numerous requests for information on the St. 
Peter sandstone in the Nashville dome area due largely to the suc- 
cessful exploitation of its possible stratigraphic equivalent, the “Wil- 
cox” of Oklahoma and Kansas. Considerable difficulty has been ex- 
perienced in subsurface correlations of the Lower Ordovician section 
drilled in middle Tennessee. This difficulty is especially pronounced 
in the interval between rocks definitely known to represent the Stones 
River group and those previously considered representative of the up- 
per part of the Knox dolomite group of Cambro-Ordovician age. 

In an attempt to obtain more definite information on the lithology 
and stratigraphic relationships of this interval, the Tennessee Divi- 
sion of Geology has initiated detailed subsurface investigations in- 

1 Read before the Association at New Orleans, March 17, 1938. Revised manu- 
— December 26, 1939. Published with the permission of the State ge- 


2 Assistant geologist, Tennessee Division of Geology. The writer acknowledges 
with thanks the suggestions of Walter F. Pond, State Geologist, and H. B. Burwell, 
formerly of the Tennessee Division of Geology. A number of samples were studied 
by Burwell and to him the writer is indebted for pertinent discussions concerning the 
subsurface zones described in this paper. Thanks are due E. O. Ulrich, of the United 
States National Museum, for advice and discussions in the field of a critical pre- 
Murfreesboro exposure in Sequatchie Valley. Ulrich also identified the small fauna 
collected at that time. The writer thanks C. W. Wilson, Jr., of Vanderbilt University, 
for pointing out this exposure. 
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cluding the insoluble-residue method.* Since it will be some time before 
these subsurface studies on the pre-Trenton rocks are completed, it is 
believed that the present interest in the St. Peter sandstone east of the 
Mississippi River justifies a brief discussion of the present status of 
the ‘‘St. Peter” in Tennessee, including a summary of the existing 
data and some suggestions as to possible correlations with the stand- 
ard Lower Ordovician section. The general conclusions have been 
based upon detailed examinations of 30 wells in middle Tennessee 
which have entered Canadian rocks (Fig. 1). 


PREVIOUS WORK 


A number of the deeper wells in southern Kentucky have logged 
sandstones or sandy limestones which have been correlated by Munn‘ 
and by Shaw and Mather,® with the St. Peter sandstone of the upper 
Mississippi Valley region. This zone is in the lower part of the Or- 
dovician system of Kentucky, and occurs from 1,470 to 1,690 feet below 
the Chattanooga shale. The existence of similar zones of sandy mag- 
nesian limestone and dolomite, at depths ranging from 1,250 to 1,600 
feet below the top of the Chattanooga shale, has been proved by 
more than 50 tests drilled in middle Tennessee between the Cumberland 
Plateau and the Mississippi Embayment region. These zones have 
been referred to the St. Peter sandstone by several geologists and the 
name has become firmly entrenched in the vocabulary of oil men in 
the state. 

Although the trade journals had repeatedly suggested the presence 
of the St. Peter sandstone in Tennessee, it was not until 1931 that sub- 
surface studies were made of this zone. In that year, Bailey® tenta- 
tively correlated a sandy limestone or sandstone, below a “greenish 
shaly limestone” and approximately 800 feet below the base of the 
Trenton, as the St. Peter sandstone. He described this horizon as con- 
sisting “largely of well-rounded, glassy or frosted grains of quartz in 
a matrix of white, granular, magnesian limestone.” The following 
year, Piper’ reported sandy strata encountered in wells in north-cen- 

3 With the exception of minor deviations generally necessary for local areas, the 
procedure used in the insoluble-residue studies is the same as developed and described 
by McQueen. See H. S. McQueen, “Insoluble Residues as a Guide to Stratigraphic 
Studies,’ Missouri Bur. Geol. Fifty-Sixth Bien. Rept. (1931), pp. 104-07. 

4M. J. Munn, “Reconnaissance of Oil and Gas Fields in Wayne and McCreary 
Counties, Kentucky,” U. S. Geol. Survey Bull. 579 (1914), p. 17. 

5 E. W. Shaw and K. F. Mather, “The Oil Fields of Allen County, Kentucky,” 
U.S. Geol. Survey Bull. 688 (1919), p. 39. 

® W. F. Bailey, “(Notes on Subsurface Stratigraphy of Middle Tennessee,” Jour. 
Tennessee Acad. Sci., Vol. 6 (1931), pp. 80-88. 


7A. M. Piper, ‘““Ground-Water in North-Central Tennessee,’’ U. S. Geol. Survey 
Water-Supply Paper 640 (1932), p. 61. 


| | 
| 


1643 


LOWER ORDOVICIAN IN MIDDLE TENNESSEE 


‘6 pue g Ul SSOID Jo 
SUOI}LIO[ pue , Jo Surmoys sassouuay, jo dew yd}ayS—"I 


6661 - 440g 
Vv w 8 Vv Vv SSIW 
G3NINVX3 S173M 3O NOILVION 
ve 
te 
ze ° 
> 
2 


NOSi¥u38048 


A » N 3 » 


| tw) 
| *e 
| 
| 
of 
: 
G 
| = Q 
2 
| 
| 
| | 
= 
° 
J 
H < 
z /3 2» 
| « 
= 
> z 
o 
H 
| <A 
z | 
| ° 
« 
| 
2 
| 


1644 KENDALL E. BORN 


tral Tennessee and termed them St. Peter (?). In the same year, 
Bassler® suggested that deeper wells in the Central Basin of Tennessee 
might pass through the St. Peter sandstone before entering the under- 
lying Canadian dolomites. In 1935, Bailey,® in discussing the sub- 
Trenton gas possibilities in the southern Cincinnati arch region,again 
tentatively correlated a “hard, white, sandy limestone at depths of 
1200-1400 feet below the Chattanooga shale” as St. Peter. In a recent 
study of the ground-water resources of south-central Tennessee, 
Theis'® described “‘a sandy limestone, in places perhaps a real sand- 
stone, lying about 1500 feet below the Chattanooga shale at Nash- 
ville, and apparently about 600 feet below the top of the Murfreesboro 
limestone at Murfreesboro.” He states that this bed has been doubt- 
fully correlated with the St. Peter. In 1936, Born" described the so- 
called “St. Peter’ horizon in Tennessee and mention was made of it 
again the following year.” 

Insoluble residue studies by Meacham" from several deep wells in 
Kentucky indicated the presence of a very pure white quartz sand 
below the Stones River group of limestones and above the Canadian 
in several counties in the north-central part of the state. This sand- 
stone was correlated with the St. Peter sandstone of the Mississippi 
Valley region. Recently, 00 has suggested that this same sand- 
stone was penetrated in several additional counties, including Wayne 
and Clinton, whose southern boundary is the Tennessee state line. An- 
other possible correlation of these Lower Ordovician beds in southern 
Kentucky is considered later in this paper. 

In northern Alabama, Butts reports the Odenville limestone of 
upper Canadian age overlain unconformably by beds of Chazy (Stones 
River) age with the complete absence of the St. Peter sandstone and 


8 R. S. Bassler, “Stratigraphy of the Central Basin of Tennessee,”’ Tennessee Div. 
Geol. Bull. 38 (1932), p. 48. 

® W. F. Bailey, “Natural Gas from Paleozoic Horizons in Southern Cincinnati 
Arch Region,” Geology of Natural Gas (Amer. Assoc. Petrol. Geol., 1935), pp. 857-58. 

10 C, V. Theis, ‘“‘“Ground-Water in South-Central Tennessee,” U. S. Geal. Survey 
Water-Supply Paper 677 (1936), pp- 79-80. 

1K. E. Born, “Oil and Gas Developments in Tennessee in 1935,” Trans. Amer. 
Inst. Min. Met. Eng., Vol. 118 (1936), pp. 351-52. 

2K. E. Born, “Oil and Gas Developments in Tennessee in 1936,” Trans. Amer. 
Inst. Min. Met. Eng., Vol. 123 (1937), Pp. 453- 

13 R. P. Meacham, “A Stratigraphic Analysis of Some Deep Well Records in Ken- 
tucky,”’ Univ. of Kentucky Bull. 2 (1933), Pp. 3-4- 

“4 W. R. Jillson, The Saint Peter Sandstone in Kentucky (Standard Printing Com- 
pany, Louisville, 1938), pp. 23-25. 

16 Chas. Butts, “Geology of Alabama,’’ Geol. Survey of Alabama Spec. Rept. 14 
(1926), p. 101. 
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associated beds. Sandstones encountered in tests into the Lower Ordo- 
vician in northeastern Mississippi have been considered as Beekman- 
town (Canadian) or pre-Beekmantown by Bramlette.* 


TERMINOLOGY USED IN PRESENT STUDY 


Although more than go wells have been drilled into the Knox dolo- 
mite group in central Tennessee, samples are available on about one- 
third of these tests. Few wells have been drilled farther than 100 feet 
below the base of the Stones River group, due largely to a common 
practice of abandoning oil and gas tests at or near the top of the Knox 
dolomite group. Incomplete sample sets, the distance removed from 
the Lower Ordovician outcrop, and the absence of deep intervening 
wells are the chief factors contributing to the indefinite correlations 
of the pre-Stones River rocks which underlie the Central Basin and 
Highland Rim regions of Tennessee. In the present study it has 
seemed advisable, therefore, to consider the Lower Ordovician beds 
as zones, which, following Hiestand,!’ have been assigned alphabetical 
designations, following the custom of plane-table surveying where the 
subdivisions have not been traced continuously to type localities of 
formational outcrops. No fossil fragments have been observed in sam- 
ples below the base of the Stones River group (Zone A). These zones, 


therefore, have been based entirely on the microlithology of original ° 


well samples and the microcharacteristics of insoluble residues. While 
more detailed surface and subsurface data will be necessary to dem- 
onstrate precise correlations, there is a strong suggestion that these 
subsurface zones do have stratigraphic significance. The general 
lithologic character of the original samples and characteristic iasolu- 
ble residues which constitute these zones are shown in Figure 2. 


PRE-TRENTON STRATIGRAPHY OF MIDDLE TENNESSEE 
* MOHAWKIAN SERIES 
BLACK RIVER GROUP 


The deeper wells in middle Tennessee, especially east of the Nash- 
ville arch, penetrate a widespread stratigraphic marker at a depth of 
approximately 500 feet below the base of the Chattanooga shale. This 
marker, a thin bed of green, bentonitic clay, occurs near the top of the 
Carters limestone, the only Black River representative in middle Ten- 
nessee, and usually less than 15 feet below the base of the Trenton 
limestones and shales. The tendency of this thin clay-shale to cave 

16M. N. Bramlette, “Paleozoic Formations Penetrated by Wells in Tishomingo 
County, Northeastern Mississippi,” U. S$. Geol. Survey Bull. 781-A (1926), p. 8. 


17 T. C. Hiestand, ‘Studies of Insoluble Residues from ‘Mississippi Lime’ of Cen- 
tral Kansas,’’ Bull. Amer. Assoc. Petrol. Geol., Voi. 22 (1938), p. 1591. 
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Fic. 2.—Graph of original samples and insoluble residues and correlations of 
eR River rocks in Basin Oil and Gas Company’s Henry Harrell No. 1 (No. 9 in 
Figure 1). 
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into wells in pencil-shaped fragments has given rise to the name Pencil 
Cave which has become so well established among drillers in Ken- 
tucky and Tennessee. East of the Nashville arch it is the most impor- 
tant subsurface marker in the Ordovician section; on the western 
’ flank of the arch it is very thin and in many places absent. 

Two members are recognized in the Carters limestone on the out- 
crop in middle Tennessee.!* The lower member is defined as that part 
of the Carters limestone between the persistent bentonite bed (Pencil 
Cave of the driller) and the top of the underlying Lebanon limestone. 
Lithologically, this member consists of light to dark gray, dense to 
medium-grained limestone, some of which is magnesian. Bedding is 
generally massive. The average thickness on the outcrop in middle 
Tennessee is about 50 feet. The upper member consists of beds from 
the top of the bentonite to the base of the Hermitage formation of the 
Trenton group. It is a thin-bedded, dense to fine-grained, light gray 
limestone. 

This two-fold division of the Carters limestone is well developed in 
the subsurface throughout middle Tennessee, especially east of the 
Nashville arch. The entire unit reaches a maximum thickness of ap- 
. proximately 1oo feet in wells. 


CHAZYAN SERIES 
STONES RIVER GROUP 


In the type area in the Central Basin the Stones River group 
reaches a maximum thickness of 318 feet on the outcrop.!® The section 
is predominantly gray to dark gray, tan, and brown, dense to medium- 
grained limestone. Thin, gray, and tan, calcareous shale beds and part- 
ings are commonly present between the limestones, but they make up 
a relatively small part of the unit. Chert is present, but not common. 
In the Central Basin four formations are recognized, in ascending or- 
der: the Murfreesboro, Pierce, Ridley, and Lebanon limestones. 

Subsurface studies of well samples from the deeper tests in central 
Tennessee indicate thicknesses of more than 700 feet for the Stones 
River group, although the average thickness is somewhat less than 
this figure. In Decatur County the Chester County Oil Company’s J. 
A. Montgomery No. 1 (1)* and the Standard Oil Company of Louisi- 
ana’s C. W. Wyatt No. 1 (2) penetrated approximately 600 feet of 


18 C. W. Wilson, Jr., “Stones River and Black River Groups in Central Tennessee,” 
Tennessee Div. Geol., unpublished manuscript (1938). 


19 J. J. Galloway, ‘Geology and Natural Resources of Rutherford County, Tennes- 
see,” Tennessee Geol. Survey Bull. 22 (1919), p. 30. 


* Numbers in parentheses refer to well locations in Figure 1. 
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beds between the base of the Trenton and the top of the unit here 
considered as Zone C,. In general, however, throughout middle Ten- 
nessee the Stones River group is remarkably constant in thickness. 

The marked lithological similarity of this group in the subsurface 
makes it difficult to subdivide the Stones River group into its com- . 
ponent formations. The entire section from the Pencil Cave horizon at 
the top of the lower member of the Carters limestone to the top of a 
unit, considered below as Zone B, constitutes a single lithologic unit 
in the subsurface. No well defined subdivisions of this section have 
been possible in microscopic examinations of original samples from 
test wells. In connection with recent subsurface studies of this group 
in Clay and adjoining counties in the Upper Cumberland district of 
Tennessee and Kentucky, insoluble residues have permitted the def- 
inition of several diagnostic markers in the Black River and Stones 
River groups.”° Detailed studies of these residues are now in progress 
to determine whether or not they are true stratigraphic markers 
throughout central Tennessee. Only one of them, described here as 
Zone A, is pertinent to the present study. 


ZONE A 


Original samples.—Untreated samples from the lower part of the © 
Stones River limestones throughout middle Tennessee consist essen- 
tially of drab-gray and tan to brown, dense to medium-grained lime- 
stones with minor amounts of hard to soft, dense, calcareous, and sili- 
ceous gray shale. Dark gray and brown are the predominating colors 
of both the limestone and shale. Minor constituents include white cal- 
cite, gypsum, and small amounts of generally dark gray, dense, sharp 
chert. Pyrite is in places associated with the darker limestones. Fresh 
samples commonly have a distinct odor of petroleum. 

Insoluble residues—In contrast with untreated samples, insoluble 
residues prepared from cuttings of wells which have entered the lower 
Stones River indicate a persistent residue unit (Fig. 3). Shales are the 
major constituents of the residues; they are generally medium to dark 
gray, tan, and medium to dark brown in color, soft, dull, lumpy, po- 
rous, and in places finely dolocastic. Chert is rare, but where present it 
is ordinarily dark, dense, and angular. Other minor constituents in- 
clude pyrite, dull, soft, porous, gray siltstone, and rarely poorly pre- 
served silicified fossil fragments, ordinarily gastropods and bryozoans. 
By volume, the residues of this unit range from 10 to about 25 per 
cent, with an average of approximately 15 per cent. 


20K. E. Born and H. B. Burwell, “Geology and Petroleum Resources of Clay 
County, Tennessee,’”’ Tennessee Div. Geol. Bull. 47 (1939), pp. 33-38. 
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Thickness.—Since this zone is significant in the present discussion 
only in that it marks the lower part of the Stones River group, the en- 
tire unit has not been studied in detail in each well. In the Basin Oil 
and Gas Company’s Henry Harrell No. 1 (9) in Rutherford County it 
is 285 feet thick and in Jesse Ashby ef al. Donaldson Heirs No. 1 (25) 
in Clay County 380 feet of strata are assigned to this zone. 

Correlation.—In Rutherford County, near the center of the Nash- 
ville dome, approximately 70 feet of Murfreesboro limestone are ex- 


Fic. 3.—Light gray, soft, porous, slightly dolocastic shale residues of Zone A. Depth, 
1,130 feet, E. H. Crow et al. B. Y. Brown No. 1 (No. 5 in Figure 1). (X 20.) 


posed. Here the upper 10-30 feet of the limestone contain dark, dense 
chert and the top of the Murfreesboro has been tentatively drawn in 
the subsurface at the first appearance of a considerable amount of 
similar dark, angular, vitreous, dense chert in samples. Chip samples 
from below the chert horizon on the outcrop give residues generally 
identical with those previously described under Zone A. 

At several places in Sequatchie Valley in Bledsoe and Marion 
counties, the base of the Murfreesboro is well exposed. Lithologically 
and faunally the rocks are very similar to the Murfreesboro of the 
Central Basin.*4 Residues of chip samples from three sections in 


21 C, W. Wilson, Jr., op. cit. 
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Sequatchie Valley are strikingly similar to those from Zone A as de- 
veloped in middle Tennessee. Zone A is, therefore, considered to rep- 
resent the lower and greater part of the Murfreesboro limestone and 
the base of the Stones River group in the subsurface in middle Ten- 
nessee is drawn at the base of characteristic residues of Zone A. The 
cross sections in Figures 8 and g are constructed with the base of this 


zone as the datum. 


BuFFALO RIVER SERIES OF E. O. ULRICH 
OR CANADIAN SERIES 
ZONE B 


Original samples.—In all wells drilled below the base of the Stones 
River group (Zone A) in central Tennessee, the dark gray and brown 
limestones give way rather sharply below into a unit of generally light- 
colored limestones. The limestones are dense and vaughnitic to fine- 
grained. Light gray and light tan are the predominating colors. Many 
of the dense limestones show clear calcite inclusions, not unlike the 
“‘birdseye”’ limestones of the Black River group. Shale and chert are 
rare and are seldom observed in untreated samples. Clear and white 
calcite and selenite are the most common minor constituents. No fos- 
sils have been noted in this-unit. 

In many of the samples the staining method described by Keller 
and Moore” indicates the presence of minor amounts of magnesian 
and dolomitic limestone, although no true dolomites have been ob- 
served in samples studied to date. A series of chemical analyses 
through this unit in Jesse Ashby et al. Donaldson Heirs No. 1 (25) 
shows a maximum of 5.67 per cent magnesium carbonate. The 1,225- 
foot sample from the Carnahan Oil Company’s Joe D. Moredock No. 
2 (29) analyzed 9.52 per cent magnesium carbonate. 

Insoluble residues—Quantitatively the insoluble residues from 
Zone B are in sharp contrast with those above and below this unit. By 
volume they seldom exceed 5 per cent of the original sample and the 
average is less than this figure. Chemical analyses of samples from this 
zone indicate that the limestones are nearly pure with usually less than 
5 per cent insoluble matter. 

The characteristic residues of Zone B are shales and minor 
amounts of siltstones or siliceous aggregates (Fig. 4). The shales are of 
two types: (1) a soft, light-colored, usually gray, rarely greenish gray, 
porous, lumpy shale, somewhat similar in general appearance to cer- 


2 W. D. Keller and George E. Moore, “Staining Drill Cuttings for Calcite-Dolo- 
mite Differentiation,” Bull. Amer. Assoc. Petrol. Geol., Vol. 21 (1937), pp. 949-51. 
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tain of the gray shale residues of Zone A; and (2) a hard, light gray, 
siliceous shale, much of which shows minute dolocasts. The latter vari- 
ety is generally the better developed. Soft, porous, lacy and fragile, 
light-colored silica and siliceous aggregates are the most characteristic 
residues of Zone B, although they are commonly subordinate in 
amount to the shale. . 

Thickness.—In the 30 wells studied Zone B varies from 20 to 95 
feet in thickness. The maximum thickness occurs in the Western Val- 


Fic. 4.—Characteristic white, gray, and tan siltstones and siliceous aggregates 
from Zone B. Depth, 330-340 feet, Basin Oil and Gas Company’s Henry Harrell No. 
1 (No. 9 in Figure 1). (X 20.) 


ley of the Tennessee River in the Chester County Oil Company’s J. A. 
Montgomery No. 1 (1). Three other wells (2, 3, 4) on the southwest 
flank of the Nashville dome penetrated more than 75 feet of this unit. 
A rather constant thickness of 40 feet is indicated by four wells (5, 6, 
7, 8) on the northwest flank of the Nashville arch. Near the center of 
the Nashville dome, in the Basin Oil and Gas Company’s Henry Har- 
rell No. 1 (9), 80 feet of beds are referred to Zone B. East of the arch 
this unit varies in thickness from a minimum of 20 feet in the Ava Oil 
and Gas Company’s Mary Williams No. 3 (26) in eastern Clay County 
to a maximum of g1 feet in the Jervian Corporation’s J. T. Keithley 
No. 1 (15) in southern White County. 
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Correlation.—At present the exact relationship of Zone B to the 
overlying Stones River group and the underlying rocks, definitely of 
Canadian age, is not well understood. This unit is probably exposed in 
the Wells Creek Basin of southeastern Stewart County, but it has not 
been definitely recognized, due largely to the intense deformation of 
the area and poor exposures of the section between the upper part of 
the Knox dolomite and Trenton groups. In the southern Appalachian 
region the Canadian is directly overlain by rocks of Chazyan age, with 
no suggestion of the presence of beds of the Buffalo River group of 
Ulrich. 

In Bledsoe and Sequatchie counties in the Sequatchie Valley a 
distinctive series of light-colored, generally light gray, thick- to thin- 
bedded, dense to vaughnitic and fine-grained limestones overlie a sec- 
tion of dolomite and dolomitic limestone—definitely a part of the 
upper Knox dolomite group—and underlie dense to fine-grained, dark 
gray limestones correlated with the Murfreesboro limestone of the 
Central Basin. In three sections measured, sampled, and studied, 
these light-colored, dense limestones averaged 160 feet in thickness. 
Lithologically, this unit has much in common with subsurface sam- 
ples from Zone B in middle Tennessee. While not identical through- 
out, insoluble residues, prepared from chip samples from three sec- 
tions, compare favorably in their general assemblage with those from 
Zone B. 

The writer has considered two possible correlations of these pre- 
Stones River limestones in the Sequatchie Valley: they may be a part 
of the Newala limestone of northern Alabama or they may represent 
a previously unrecognized formation.* In Alabama the Newala lime- 
stone is described by Butts” as a “‘thick-bedded, compact or non- 
crystalline or textureless, dark-gray, pearl-gray, and bluish-gray”’ lime- 
stone. It is composed of much limestone and proportionately little dol- 
omite. On the basis of its fauna, the Newala has been correlated with 
the Cotter formation of upper Canadian age.?’ In the microscopic 
examinations of samples from some of the deeper wells in the Upper 
Cumberland district, in Clay and near-by counties, the presence of mag- 
nesian limestones and soft, dull, greenish gray shales, typically de- 
veloped in the underlying Knox dolomite group, suggested the refer- 

2. E. O. Ulrich, “Ordovician Trilobites of the Family Felephidae and Concerned 
Stratigraphic Correlations,” U. S. National Museum, Vol. 76 (1929), pp. 78-79. 

* C. W. Wilson, Jr., op. cit. 

*% K. E. Born and H. B. Burwell, of. cit., pp. 28-29. 


76 Chas. Butts, of. cit., p. 93. 
27 Chas. Butts, op. cit., pp. 98-99. 


LOWER ORDOVICIAN IN MIDDLE TENNESSEE 1653 


ence of Zone B to the upper Canadian. Such a correlation was ques- 
tionably indicated by Born and Burwell.?® 

In May, 1939, the writer, with E. O. Ulrich of the United States 
National Museum and R. D. Mesler of the United States Geological 
Survey, revisited the best exposure of this pre-Stones River unit in 
the Sequatchie Valley. This section, located 2.1 miles east of Daus in 
Sequatchie County, and south of the Sequatchie River, presents al- 
most continuous exposures from the upper 250 feet of the upper Ca- 
nadian to near the top of the Stones River group. The pre-Stones 
River unit is particularly well exposed. In the field Ulrich recognized 
similarities of these limestones with the Everton formation of the 
Lower Ordovician (Buffalo River group of E. O. Ulrich) in northeast- 
ern Arkansas. Subsequent laboratory identifications of a small fauna 
collected revealed three genera of gastropods, Raphistoma, Holopea, 
and Hormotoma, all new species, and an undescribed species of the 
ostracod /sochilina. All four species have been listed by Ulrich in the 
Everton limestone collections from northeastern Arkansas.?® This 
unit, is, therefore, correlated with the Everton formation of north- 
eastern Arkansas and represents the first recognition of the Buffalo 
River group in Tennessee.*° 

Though most of the original samples and insoluble residues from 
Zone B compare favorably with chip samples and residues from. the 
Everton limestone in Sequatchie Valley, more detailed surface and 
subsurface studies will be required before this correlation may be defi- 
nitely established. The typical Canadian green shales commonly pres- 
ent in the lower part of Zone B have not been recognized in outcrops of 
the Everton limestone in Sequatchie Valley. Furthermore, the lime- 
stones of Zone B are considerably more magnesian than exposures of 
the Everton examined to date. Until more data are available the writer 
is, therefore, hesitant to abandon completely the possibility of an 
upper Canadian age for’ this pre-Stones River unit. 


CANADIAN SERIES 
(CANADIAN SystTEM OF E. O. ULricn) 
KNOX DOLOMITE GROUP 
GENERAL STATEMENT 


The oldest rocks drilled to date in the Central Basin and Highland 
Rim areas of Tennessee are a part of the Knox dolomite group of 


28 K. E. Born and H. B. Burwell, of. cit., p. 29. 
29 E. O. Ulrich, written communication, August 11, 1939. 


30 EF. O. Ulrich, ““The Murfreesboro Limestone in Missouri and Arkansas and Some 
Related Facts and Probabilities,” Kansas Geological Society Guidebook 13th Annual 
Field Conference (1939), correlation table, p. 106. 


if 
‘his 
| 
| 
| 
| 
| 
| 
Wee 
| 
| 
| 


1654 KENDALL E. BORN 


Cambro-Ordovician age (Canadian and Ozarkian systems of E. O. 
Ulrich). This group crops out in wide areas in the Appalachian area 
of east Tennessee where it is composed of white, gray, blue, and 
brown limestones, magnesian and dolomitic limestones, and gray to 
tan and brown dolomites. Cherts are common and are abundant at 
certain horizons. Thin sandstones and shales are locally developed. 
The thickness of this group reaches more than 4,000 feet in east 
Tennessee. To the west the Knox passes beneath younger beds, but 
in the Basin Oil and Gas Company’s Henry Harrell No. 1 (9g) at 
Murfreesboro, near the top of the Nashville dome, tan dolomites, 
considered to mark the top of the Knox dolomite, were encountered 
at 370 feet. About 75 miles northwest of Nashville, in the Wells Creek 
Basin in southeastern. Stewart County, the Knox dolomite group 
appears at the surface in a local intensely disturbed area.*! The thick- 
ness of the Knox dolomite group in middle Tennessee is not known; 
the deepest well, stratigraphically, is the Franklin Fuel and Oil Com- 
pany’s J. M. Alsup No. 1, at Murfreesboro in Rutherford County, in 
which 1,910 feet of Knox dolomite were drilled without reaching the 
base of the group. 
ZONE 


Original samples.—In most wells drilled into~the Canadian in 
middle Tennessee Zone B is underlain by a group of beds composed 
of light gray to greenish gray, tan and brown, fine- to coarse-grained 
dolomite and light gray magnesian limestone. Chert is rare, which is 
a striking contrast to the underlying section. Minor constituents 
include light to dark grayish green shale and small amounts of silica 
and siliceous aggregates, undoubtedly secondary in origin. Subangular 
to well rounded, pitted, and frosted quartz grains occur sporadically 
throughout this zone, but in few places in concentrations of more than 
5 per cent. Much of the sand is free in the samples, although quartz 
grains imbedded in shale and sandy dolomite are not uncommon. 
Zones in which the sand grains are concentrated have been termed 
“St. Peter,” regardless of their stratigraphic position — reference 
to well established subsurface markers. 

Insoluble residues ——Green shales are the characteristic residuals 
of Zone C, (Fig. 5). The shales are of two types: (1) light to dark 
grayish green, soft, thinly laminated shale with a dull luster; and (2) 
dark green to bluish green, dense, hard, generally dolocastic shale. 
The former appears similar to the bentonitic Pencil Cave, although 


51 J. M. Safford, Geology of Tennessee, Nashville (1869), p. 
W. H. Bucher, “Cryptovolcanic Structures in the United States, ” XVI Int. Geol. 
Cong. Rept., Vol. 2 (1936), pp. 1066-70. 
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no biotite flakes have been observed in it to date. The hard green 
shale is commonly studded with small subangular to well rounded 
quartz grains. Associated with these green shales are other shale frag- 
ments which may be light gray to brown, commonly dolocastic, and 
generally soft. Soft, lacy, light-colored silica and spongy pyrite are 
common in some of the samples. By volume the residues of Zone C, 
average less than 15 per cent of the original samples. 


Fic. 5.—Gray to greenish gray, siliceous, rounded shale residues (S) with porous, 
dolocastic siltstone (Ss) from Zone C,. Depth, 1,137-42 feet, W. F. Carter et al. Thomas 
Scantland No. 1 (No. 22 in Figure 1). (X 20.) 

Thickness.—Zone C, varies considerably in thickness in the wells 
studied. It is apparently absent in three wells in Clay County, the 
Ava Oil and Gas Company’s Mary ‘Williams No. 3 (26), Carnahan 
Oil Company’s Joe D. Moredock No. 2 (29), and in the Lain Oil and 
Gas Company’s T. W. Roberts No. 2 (24). Near the center of the 
Nashville dome the Basin Oil and Gas Company’s Henry Harrell 
No. 1 (9) penetrated 40 feet of beds assigned to this zone. The maxi- 
mum thickness indicated by the present study is in the Western Valley 
of Tennessee River where the Standard Oil Company of Louisiana’s 
C. W. Wyatt No. 1 (2) encountered 178 feet of gray, tan, and brown 
sucrose dolomite above the cherty dolomites here considered to mark 
the top of Zone C2. Throughout most of the state, however, this unit 
averages approximately 65 feet in thickness. 
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Correlation.—No fossil fragments have been observed in samples 
from Zone C;. On the basis of the predominance of dolomite and 
characteristic green shales, this unit is correlated with the upper part 
of the Knox dolomite group. Green shales, almost identical with those 
previously described, have been observed interbedded with dolomite 
and magnesian limestones in the Sequatchie Valley and in the Appa- 
lachian region. This unit is probably the “green lime” of Bailey.” 

The almost complete absence of chert in this zone in the subsurface 
throughout middle Tennessee is in marked contrast with typical ex- 
posures of the upper part of the Knox dolomite group in the Appa- 
lachian region. While the exact age of this unit is unknown, it may 
well represent younger Canadian beds than any observed to date in 
east Tennessee. Zone €; is probably represented by the non-cherty 
magnesian limestones and dolomites which are poorly exposed on the 
northwest flank of the Wells Creek uplift in southeastern Stewart 
County. 

ZONE Cz 


Original samples——The relatively pure dolomites and dolomitic 
limestones of Zone C, are underlain by a distinctive and thick section 
of dolomites, dolomitic and magnesian limestones, with much chert. 
The dolomite is generally light in color, grays, tans, and browns pre- 
dominating. The texture varies from fine- to coarse-grained, although 
the medium- and coarse-grained dolomites are the more common. The 
dolomitic and magnesian limestones are ordinarily gray and dense to 
fine-grained. Lithologically, they are generally similar to the dense 
limestones of Zone B. Chert is a common constituent of this unit, 
which is in striking contrast with the overlying section. The cherts 
are described in more detail below. A soft, bentonitic (?), light green 
shale, which is commonly present in the overlying unit, continues 
into this zone. 

Insoluble residues.—Chert is by far the most abundant insoluble 
residue of Zone C2 (Fig. 6). The colors vary from white to milky to 
tan; darker colors are rare, although a distinctive brown odlitic chert 
has been observed in a number of samples. The chert is angular, sharp, 
generally dense, and commonly translucent. Odlitic varieties are 
present, although they are common in only a few places. A few of the 
fragments show concentric banding. Chalky white, soft chert, in 
many places dolocastic, is a common constituent of the upper 50 feet 
of this unit. While dolocastic cherts are present throughout this zone, 


® W. F. Bailey, “Notes on Subsurface Stratigraphy of Middle Tennessee,” Jour. 
Tennessee Acad. Sct., Vol. 6 (1931), p. 82. 
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they appear to reach their maximum development about 100 feet 
below the top of this unit. 

In a number of wells, concentrations of well rounded, pitted and 
frosted quartz grains of the “St. Peter” type are associated with the 
cherts. Minor constituents of this zone include porous sponge-like 
pyrite and soft, porous, greenish gray siltstone, or siliceous aggregate. 


Fic. 6.—Typical light-colored, dense, angular chert residues of Zone Co. Note 
odlitic varieties in right center. Depth, 1,257-62 feet, Jesse Ashby e¢ al. Donaldson 
Heirs No. 1 (No. 25 in Figure 1). (X 20.) 


Thickness.—Since relatively few wells in Tennessee have been 
drilled more than 200 feet into the Knox dolomite group, the thickness 
of this unit is not definitely known. Deeper drilling will undoubtedly 
make it possible to subdivide these beds into residue units. 

Correlation.—The lithologic character of the original samples from 
Zone Cz throughout middle Tennessee is identical with that of the 
upper part of the Knox dolomite group of Canadian age which crops 
out in the Appalachian region of eastern Tennessee and with rocks 
of Canadian age (Wells chert of E. O. Ulrich) exposed near the center 
of the Wells Creek Basin in southeastern Stewart County. The resi- 
dues of this zone compare remarkably well with those described by 
Oder* from the Cotter-Powell beds of Canadian age in the Great 


33 C, R. L. Oder, “The Stratigraphy, Structure, and Paleontology of the Zinc- 
Bearing Knox Dolomite between Jefferson City and Bristol, Tennessee,’ Tennessee 
Div. Geol. (unpublished manuscript, 1933). 
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Valley region of east Tennessee. In general, the insoluble residue 
assemblage compares favorably with that described by McQueen* 
and Meacham*® from the lower part of the Cotter formation of Mis- 
souri and Kentucky, respectively. Until additional subsurface data 
are available, however, which will allow more definite correlations, 
this unit will be designated as Zone C2 of the Knox dolomite group. 
Studies to date indicate that it is a widespread unit underlying middle 
Tennessee, and it has been traced in the subsurface from the Western 
Valley of Tennessee River to the western part of the Cumberland 


Plateau. 
SANDY ZONES IN KNOX DOLOMITE GROUP 


General statement.—Examinations of 30 sample sets in middle 
Tennessee have shown the presence of arenaceous zones in the pre- 
Stones River rocks. These consist of subangular to well rounded, 
generally pitted and frosted, quartz grains associated with magnesian 
limestones and dolomites and commonly with characteristic cherts of 
the Knox dolomite group. No true sandstones have been observed to 
date. The sand content of few samples constitutes more than to per 
cent, although in a few wells concentrations reach as much as 40 per 
cent. That these zones have a certain amount of porosity is evidenced 
by the numerous salt water, sulphur water, oil and gas showings, 
and some oil and gas production. 

Lithology—Although varying in amounts and size, the sands in 
the Lower Ordovician are remarkably constant in their general char- 
acter (Fig. 7). The size of grain varies from about 0.1 to nearly 1.0 
millimeter, with an average of about 0.3-0.5 millimeter. The greater 
number of the grains are well rounded, although subangular varieties 
are not uncommon. Frosting and pitting are common, although the 
subangular grains exhibit these features to a lesser degree. Some of 
the grains show secondary enlargement. 

The mineralogic associations of the quartz grains vary widely 
even between relatively close wells. Magnesian limestones, dolomites, 
cherts, and green shales are the most common. The sands in Zone C; 
occur with gray, tan, and brown magnesian limestone and dolomite 
and commonly with a soft, bentonitic (?), green shale. In most of the 
wells the sand is free in the samples, but green shales studded with 
rounded sand grains are not uncommon. In Farnham Brothers’ Lem 
Motlow No. 1 (10), in northern Moore County, and in W. F. Carter 
et al. Thomas Scantland No. 1 (22), in northern Jacksox County, 


H.S. McQueen, op. cit., pp. 122-23. 
% R. P. Meacham, of. cit., pp. 5-6. 
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considerable amounts of sand grains were imbedded in the dolomite. 

The sandy zones, which occur in Zone C2 are generally associated 
with dolomite and chert. The dolomite appears identical with that in 
the overlying Zone C;. The chert, however, exhibits considerable vari- 
ation, which has been described in the discussion of Zone C2. In one 
well, the Basin Oil and Gas Company’s Henry Harrell No. 1 (9), 
well rounded, relatively clear quartz grains were noted embedded in 


Fic. 7.—Subangular to well rounded, pitted and frosted quartz grains associated 
with typical Canadian green shale (S) and chert (C). Such zones have been referred 
previously to St. Peter sandstone. Depth, 1,275-85 feet, Farnham Brothers’ Lem 
Motlow No. 1 (No. ro in Figure 1). (X 20.) 


milky vitreous chert, similar to the type described by McQueen® in 
the Cotter formation in Missouri and by Ireland*’ in the second 
“‘Wilcox”’ sand in a well in east-central Oklahoma. 

Minor minerals in these sandy horizons include minute fragments 
of limonite, sphalerite, pyrite, and marcasite. In a few wells very 
small amounts of fluorite, magnetite, and zircon have been noted. 

Correlation.—There has been a tendency among drillers and oper- 
ators in the southern Cincinnati arch region, especially in the shallow 
fields of the Upper Cumberland district in Tennessee and southern 


*H. S. McQueen, op. cit., p. 23 and Pl. VII B. 


37 H. A. Ireland, “Use of Insoluble Residues for Correlation in Oklahoma,”’ Bull. 
Amer. Assoc. Petrol. Geol., Vol. 20 (1926), pp. 1106-07. 
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Kentucky, to give the name “St. Peter sand” to any porous zone 
which occurs more than 500 feet below the base of the Pencil Cave 
marker. In all wells studied to date in middle Tennessee these sandy 
zones invariably occur below the top of Zone C;, definitely correlated 
with the upper part of the Knox dolomite group of Canadian age. 

In the 30 sample sets studied these sandy zones do not occupy 
definite stratigraphic positions with reference to any subsurface 
datum plane, even in relatively close wells. Their sporadic occurrences 
are well shown in the cross sections in Figures 8andg. While the greater 
number occur in Zone C;, these sandy horizons range in depth from 
15 feet below the top of this zone in the Wittmer Oil & Gas Com- 
pany’s J. J. Fuqua No. 1 (19) in central Jackson County to 205 feet 
in E. M. Ellis et al. Jim Higgins No. 1 (13) in central Cannon County. 

Jillson** has recently correlated the producing zone in the Beech 
Bottom Oil and Gas Company’s George Smith No. 1, drilled in 1922 
in southeastern Clinton County, Kentucky, with the true St. Peter 
sandstone of the Mississippi Valley region. Small production was 
found in this test at 1,770-80 feet, about 850 feet below the base 
of the Pencil Cave marker. While the writer has not examined samples 
from this well, a complete sample set was studied from Jesse Ashby 
et al. Cinda Sells No. 1 (30), recently drilled in southeastern Pickett 
County, Tennessee, and approximately 6 miles south of the George 
Smith No. 1. The Sells No. 1 encountered the top of the Knox dolo- 
mite group at 1,540 feet, 772 feet below the base of the Pencil Cave. 
No sand was present above the Canadian in this test. Recent studies 
by Louise Barton Freeman,** of the Geological Survey in the Ken- 
tucky Department of Mines and Minerals, point toward a Canadian 
age for the sandstone reported by Jillson as St. Peter in Wayne and 
Clinton counties, Kentucky. 

The sandstone questionably correlated as St. Peter by Piper‘? at 
610-20 feet in the Franklin Fuel and Oil Company’s J. M. Alsup 
No. 1, just north of Murfreesboro in Rutherford County, is definitely 
below the top of the Knox dolomite group. The Basin Oil and Gas 
Company’s Henry Harrell No. 1 (9), less than 2 miles removed, found 
very little sand at approximately this same stratigraphic position of 
the sandstone in the Alsup test. 

Present studies, therefore, of these sandy pre-Stones River zones 
(“St. Peter”) in middle Tennessee indicate: (1) though sandy zones 
do occur in the pre-Stones River rocks, no true quartz sandstones 

38 W. R. Jillson, op. cit., pp. 24, 28. 

5° Louise Barton Freeman, written communication, May 27, 1939. 

40 A. M. Piper, op. cit., pp. 60-61, 179. 
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have been found in sample examinations to date; (2) these sandy 
zones definitely occur in the upper part of the Knox dolomite group, 
which fixes a Canadian age for the “St. Peter” zone; and (3) these 
zones of porosity do not occupy a definite stratigraphic position with 
reference to established subsurface markers. The conclusion is forced, 
therefore, that the so-called “St. Peter sandstone” of middle Ten- 
nessee is a sporadic development of sandy zones in the upper part of 
the Knox dolomite group. It is interesting to note that such a cor- 
relation was suggested by Fanny Carter Edson* in 1935. 

Since the continued use of the name “St. Peter” is both misleading 
and confusing, the writer has recently recommended abandoning 
this name in the Upper Cumberland district. 


4t Fanny Carter Edson, “Résumé of St. Peter Stratigraphy,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 19 (1935), pp. 1,118-19. 


# K. E. Born and H. B. Burwell, of. cit., pp. 153-54. 
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NEW ZONE IN COOK MOUNTAIN FORMATION, 
THE CRASSATELLA TEXALTA HARRIS— 
TURRITELLA CORTEZI BOWLES ZONE! 


H. B. STENZEL? 
Austin, Texas 


ABSTRACT 


With the aid of persistent bentonite beds, it is feasible to trace and correlate a 
portion of the Cook Mountain formation in East Texas. The correlations possible are 
so detailed that individual beds can be recognized over a distance of more than 30 
miles. These beds compose the Hurricane marine lentil of the lower Landrum member in 
the Cook Mountain formation. 

The stratigraphic significance of this lentil is enhanced by the discovery of a new 
fossil zone. This zone is characterized by Crassatella texalta Harris and Turritella cortezi 
Bowles. This newly discovered zone is traceable beyond the confines of East Texas 
and allows correlation with corresponding portions in the Cook Mountain of the Rio 
Grande embayment and Louisiana. 


Detailed stratigraphic correlations are very difficult to make in 
the Gulf Coastal Plain Eocene. Reasons for this difficulty are obvious. 
The general lack of clear and extensive exposures is one of the reasons. 
Another reason is the repetition of beds with similar composition in 
the stratigraphic column. One rarely knows whether one is tracing 
one and the same bed or some bed out of a set of beds occurring at 
slightly different levels in the stratigraphic column and composing a 
repetitional sequence of beds. 

Therefore, it is surprising when one is able to find some beds that 
can be traced or correlated for a long distance and in extreme detail, 
that is, bed for bed. Such a set of beds is described in this paper. The 
stratigraphic importance of this set of beds lies not only in the fact 
that it can be traced bed for bed for a considerable distance but also 
that it is an important reference horizon useful for detailed structural 
definition and that it contains also a new and widespread paleon- 
tologic zone, significant in correlation. 

The set of beds to be described occurs in the Cook Mountain for- 
mation’ of East Texas. The East Texas Cook Mountain has been 
subdivided recently into several members which are defined by their 
composition.* These four members are as follows. 

1 Read before the Association at Chicago, April 12, 1940. Manuscript received, 


March 1, 1940. Published with the permission of E. H. Sellards, director, Bureau of 
Economic Geology, The University of Texas. 


2 Geologist, Bureau of Economic Geology, The University of Texas. 


3 In previous publications the writer used the name Crockett for this formation. 
The writer believes Cook Mountain to be preferable, because Cook Mountain is used 
in Louisiana and South Texas and thus has a more extensive usage. 

4H. B. Stenzel, “The Geology of Leon County, Texas,’’ Univ. Texas Pub. 3818 
(1939), Pp. 124-58. 
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Mount Tabor shale 

Spiller sand Cook Mountain (Crockett) 
Landrum shale formation 

Wheelock marl 

The Wheelock member, at the base of the Cook Mountain, lies 
with a distinct disconformity on the underlying Stone City beds. The 
Wheelock consists chiefly of gray, calcareous, fossiliferous, glauconitic, 
marine shales. Impure limestones, highly glauconitic beds, and various 
concretions are common but subordinate. This member is 70 feet thick 
in Leon County, Texas. The type locality is Wheelock Prairie in 
Brazos and Robertson counties where 80 years ago the first Cook 
Mountain fossils of Texas were collected. These fossils were described 
by W. M. Gabb.* At the present time the best exposure of this mem- 
ber and the best collecting ground for fossils is on Little Brazos River 
in Brazos County, Texas. The Wheelock member presumably 
changes partly by interfingering and partly by imperceptible transi- 
tion into the overlying Landrum shale member. However, no clear 
exposures of the entire transition have been found so far so that the 
nature of the contact between the two members remains somewhat 
conjectural. 

The lower part of the Landrum member consists of black-brown, 
unctuous, non-glauconitic or sparingly glauconitic shales of brackish- 
water or lagoonal origin. In these shale beds are some interbedded 
lentils of glauconites and of calcareous, glauconitic, marine shales. 
These lentils, however, are subordinate and compose only a small 
fraction of the total thickness of the Landrum shale. One of these 
marine lentils is important; it is the object of this study. Upward the 
Landrum shales become less unctuous, less plastic, and more silty. 
The black-brown and uniformly distributed color gives way to a 
speckled and lighter brown produced by lignitized plant remains. This 
upper part of the Landrum shale member is non-marine. The entire 
Landrum member is 110 feet thick in Leon County. At the top the 
Landrum shales become sandy and are interbedded with sand beds of 
increasing thickness. This transition and interfingering lead over to 
the next higher member, the Spiller sand. The type locality of the 
Landrum member is in southeastern Leon County on Two-Mile Creek, 

5 W. M. Gabb, ‘Descriptions of New Species of American Tertiary and Cretaceous 
Fossils,’ Jour. Acad. Nat. Sci. Philadelphia, Ser. 2, Vol. 4 (1860), pp. 375-406. 


6 Description of the location (Bureau of Economic Geology locality No. 21-T-1): 
on banks and in bed of Little Brazos River, from bridge of State Highway No. 21 up- 
stream for about 0.3 mile; 9.43 miles west of courthouse in Bryan by speedometer; 
in southeastern part W. Mathis Survey, Brazos County. Best available topographic 
map: Brazos River (sheet 1), State Reclamation Department, Austin, Texas, advance 
sheet. For list of fossils, see B. C. Renick and H. B. Stenzel, ‘“The Lower Claiborne on 
the Brazos River, Texas,” Univ. Texas Bull. 3101 (1931), pp. 99-105, column 4. 
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which flows through the J. L. Landrum Survey. Excellent exposures 
are to be seen on the banks and along the tributaries of this creek. 

The Spiller sand consists chiefly of gray or brown, lignitic sands 
with some brown shale partings. This member is non-marine and has a 
thickness of 105 feet in Leon County. The type locality is in south- 
eastern Leon County near Spiller’s Store. 

Above the Spiller sand lies the Mount Tabor shale member which 
consists of brown, partly unctuous and partly calcareous shales. The 
shales contain subordinate beds of glauconitic marl and black, impure 
limestone, both rich in marine fossils. This member is partly marine, 
partly non-marine, but seems to be chiefly of brackish-water origin. 
The thickness is about 45 feet in Leon and Madison counties. The type 
locality is Mount Tabor School in northern Madison County. The 
Mount Tabor contains the stratigraphically highest marine fauna of 
lower Claiborne age in East Texas. The uppermost beds of the 
Mount Tabor contain in many localities a hard layer of glauconitic 
sandstone or calcareous clay-ironstone. This bed forms a prominent 
cuesta in many places. All beds above the Mount Tabor member are 
non-marine, although they combine to a thickness of 800-g00 feet. 
These beds above the Mount Tabor member are in the Yegua for- 
mation.’ 

These four members of the Cook Mountain are not merely con- 
venient local divisions, traceable and mappable as cartographic units 
in East Texas. They are traceable beyond the confines of East Texas 
eastward into Louisiana and westward at least to Colorado River in 
central Texas. 

The Landrum member is easily traceable. Its brown, non-fossil- 
iferous or sparingly fossiliferous shales contrast sharply with the un- 
derlying gray, fossiliferous, calcareous shales and marls of the Wheel- 
ock or with the sands of the overlying Spiller member. Even where no 
outcrops are found, the vividly colored, red-brown clay soil and steep 


cuesta front of the Landrum make it a readily distinguished, mappa-: 


ble unit with characteristic soils, topography, and vegetation. How- 
ever, the various thin marine lentils contained in the Landrum shales 
were hitherto not traceable beyond a single outcrop. Where exposures 
are lacking these marine lentils are not shown by soil changes or topo- 
graphic differences; these lentils are entirely lost in the Landrum 
shales wherever clear exposures are absent. Therefore, it has been 


7H. B. Stenzel, “The Yegua problem,” Univ. Texas Pub. 3945 (1939) [1940], pp. 
847-904. 
E. A. Wendlandt, associate editor of this Bulletin, states that although essentially 
the Yegua is non-marine, rather recently a fossiliferous zone in beds of unquestionable 
Yegua age was found in Fayette County. 
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hitherto impossible to trace any one of these lentils from one isolated 
exposure to another. In mapping from one isolated exposure to the 
next one, one could never be certain whether one was dealing with one 
and the same lentil or two lentils at slightly different stratigraphic 
levels. 

Recently this difficulty has been overcome at least for one of these 
marine lentils in the lower Landrum shale member. At the same time 
it has become apparent that this lentil is of particular stratigraphic 
importance because it contains a newly recognized fossil zone in the 
Cook Mountain formation. 

During the mapping of Houston County in East Texas the writer 
has been particularly interested in the occurrence of bentonite beds. 
High-quality bentonite of commercial value has been found in some 
Cook Mountain exposures. Continued investigation has shown that 
these bentonite occurrences are in marine lentils of the Landrum mem- 
ber. Then, on comparing the different sections it has been found that 
these bentonites are continuous and with their aid the sections can be 
correlated bed for bed (Fig. 1). There are two bentonite beds, the 
lower one only 0.3-0.4 of a foot thick and the upper one 3.3-3.6 feet 
thick. The stratigraphic interval between these two beds is 9.7-10.9 
feet. It is easy to see that with the aid of these two bentonite beds, 
sections can be readily compared and correlated because one can use 
the thicknesses of the bentonites and the interval between them for 
checking—a method that furnishes three separate checks for strati- 
graphic correlation. In addition, certain prominent clay-ironstone 
ledges are recognizable in these exposures. These ledges occupy not 
only similar stratigraphic positions but are also of more or less con- 
stant character. Of particular interest is the uppermost clay-ironstone 
ledge which is composed of three crowded concretionary layers in all 
sections (beds ¢, u, and »v of section I, beds m and / of section II, and 
bed & of section III). Even such minor compositional features as the 
thin silt layers (beds 7 of section II and i of section III) are traceable 
from one section to the other. 

The fauna of the beds also adds some checks for their correlation. 
At one level,immediately below the lower bentonite, the small pelecy- 
pod Plicatula is very abundant. This Plicatula layer is present in all 
three sections. The large pelecypod Crassatella texalta Harris and the 
curious gastropod Turritella cortezi Bowles occur in the marine lentil 
of these localities. These fossils are particularly important because 
they are not found in the remainder of the Cook Mountain formation. 

The detailed correlation of the three sections bed for bed is there- 
fore based on the following stratigraphic checks. 
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Bentonite (two beds and distance between them) 
Clay-ironstone ledges (character and position) 

Plicatula bed 

Zone of Crassatella texalta Harris and Turritella cortezi Bowles 


Such a combination of checks in so small a stratigraphic range 
makes it absolutely certain that in this case it is one and the same 
marine lentil that is exposed in the Landrum shales at the three sepa- 
rate localities in Leon and Houston counties. For this marine lentil 
the name Hurricane lentil is herewith proposed. The Hurricane lentil 
and in particular its bentonite beds can be used for detailed structural 
definition in this region. With the aid of auger holes or bore holes the 
bentonite beds could be traced and used for structural work. 

However, the importance of the Hurricane lentil lies in its fossil 
content. As pointed out; Crassatella texalta Harris and Turritella cor- 
tezi Bowles occur in this lentil. These two fossils are not known from 
any other level in the Cook Mountain formation of East Texas. Cras- 
satella texalta Harris is replaced above and below its occurrence in the 
marine Hurricane lentil by a related but easily differentiated species, 
Crassatella antestriata Gabb. The latter species is common in nearly 
all Cook Mountain exposures of East Texas, but it is absent in layers 
which contain Crassatella texalta Harris. Turritella cortezi Bowles is 
replaced above and below its occurrence in the marine Hurricane lentil 
by several species of Turritella, such as T. dutexata Harris, T. nasuta 
Gabb, and 7. nasuta brazita Stenzel and Turner. However, some of 
these species occur also with Turritella cortezi Bowles. An additional 
species of Turritella which occurs with T. cortezi Bowles is T. houstonia 
Harris. In the Cook Mountain formation Turritella houstonia Harris 
is restricted to this marine lentil of the Landrum member, but the 
species is a facies fossil rather than a guide fossil. It occurs ordinarily 
in marine beds intercalated between brown, non-fossiliferous or spar- 
ingly fossiliferous shales. It is also found in similar facies in the Stone 
City beds. There are other less conspicuous species of fossils restricted 
to this marine lentil. However, it seems premature at this stage of the 
investigation to enumerate all fossils or to give lists of fossils. It is 
sufficient to know that this marine lentil of the Landrum shales carries 
a distinctive fauna which is restricted to this stratigraphic level of the 
Cook Mountain formation. 

The recognition of this stratigraphic level and its characteristic 
fossil content in East Texas is of importance to long-range correlation. 
At the time this zone was recognized by the writer,’ its zone fossils 


8 The writer recognized this new fossil zone in 1934. H. B. Stenzel, “The Geology 
of Leon County, Texas,” Univ. Texas Pub. 3818 (1939) [issued June 30, 1939], pp. 157- 
58. In this report Turritella n. sp. aff. subrina Palmer is Turritella cortezi Bowles. Bowles 
described this species. Edgar Bowles, “Eocene and Paleocene Turritellidae of the At- 
lantic and Gulf Coastal Plain of North America,’”’ Jour. Pal., Vol. 13 (1939) [issued 


May, 1939] pp. 280-81. 
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were not known outside of East Texas. However, recently Turritella 
cortezi Bowles has been described from Mexico, and its occurrence in 
a definite stratigraphic level of the Cook Mountain formation of Mex- 
ico and adjoining portion of Texas has been pointed out. Bowles de- 
scribed 7. cortezi from a locality 7,200 meters S. 44° W. from the 
church tower in Mier, Tamaulipas, Mexico, and stated that it occurs 
at a definite level in the Cook Mountain formation of Webb County. 
Therefore, it is now possible to correlate the marine lentil in the lower 
Landrum of Houston and Leon counties with the beds bearing Turri- 
tella cortezi Bowles in the Rio Grande region. The almost simultaneous 
discovery of this fossil zone in two separate regions is highly fortunate 
because it has established at once the stratigraphic importance of 


this zone. 


DESCRIPTION OF THREE SECTIONS OF THE LOWER LANDRUM 
MEMBER EXPOSED IN LEON AND HOUSTON COUNTIES, 
TEXAS (COMPARE FIG. I) 


I. Two-Mile Creek, Leon County, Texas. Exposures along creek banks beginning 
at iron bridge of Leona—Two-Mile School county road, 4 miles southeast of Leona, 
airline distance, and extending up creek to sharp meander in creek about } mile from 
iron bridge; Bureau of Economic Geology localities Nos. basis 145-1-71, 145-1T- 
combined in one section. 


SECTION ALONG TWO-MILE CREEK 
Thickness 


Feet 


z. Bentonite, dark green when fresh, bright green when weathered, 

waxy, conchoidally fracturing; top part cut off by terrace de- 

y. Gray-greenish brown on surface, soft, thin-bedded, richly fossilif- 

erous, glauconitic marl; lower part dark brown on fresh pieces 

and full of delicate thin-shelled fossils; upper part light gray- 

green on fresh pieces and poorer in glauconite; Harpactocarci- 

nus americanus Rathbun and cypraeid found here............ ax 
x. Row of red-brown, ellipsoidal concretions of 0.3-foot thickness and 

with cores of fresh, gray-greenish blue, dense, fossiliferous, glau- 


w. Gray-greenish brown on surface, soft, thin-bedded, fossiliferous, 
glauconitic marl; fresh pieces are as lower part of bed y....... 0.3 


v. Bench of brown and yellow, rough, nodular clay-ironstone concre- 
tions surrounded by light gray-green, glauconitic limestone which 


has irregular network of calcite veins...................0000- 0.6 

u. Gray-greenish brown, soft, thin-bedded, fossiliferous, glauconitic 
r. Row of red-brown concretions like bed x..............-000000 0.3 

q. Light gray-green to blue, glauconite-poor marl similar to lower part 
Discontinuous layer of richly fossiliferous glauconite marl....... o.1 


p. Dark greenish brown, thin-bedded, glauconitic marl; contains many 
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0. Discontinuous, light yellow, hard limestone composed of cores, en- 


velope, and cone-in-cone layers; cores are separate, flat, ellip- 
soidal, shrinkage-cracked, and partly healed limestone concre- 
tions 2.3, 4.2, 4.3, and 7.2 feet in diameter and 0.4-0.5 foot in 
thickness; their cracks or net-like calcite veins show on weathered 
surfaces; envelope is of smooth, continuous, not cracked lime- 
stone; cone-in-cone layers occur under cores only; limestone of 
cores and envelope is gray to greenish blue, dense, and a little 


. Light chocolate-brown, fossiliferous, glauconite-poor marl........ 
. Intensely green on fresh break, soapy bentonite with numerous 


. Light greenish gray to bluish gray, fossiliferous marl with little 


irregularly distributed glauconite and numerous 2-valved Plic- 


. Olive-colored, poorly bedded, richly glauconitic and fossiliferous 


marl with Harpactocarcinus americanus Rathbun............. 


. Scattered knobs of red-brown clay-ironstone weathered from dense, 


bluish, glauconitic limestone of 0.3-0.8 foot horizontal diameter . 


. Same as bed ; contains silicified log with shipworm borings; small 


anterior vertebra of Protocetus sp. Remington Kellogg,* an early 


. Similar to bed 7 but knobs are larger and more crowded; average 


horizontal diameter is 0.5 foot; this bed makes riffles in water and 
is utilized for ford; this layer is thicker and more continuous on 
left bank about 50 feet upstream from ford where it is 0.7 foot 


. Green-brown, weathered, thin-bedded, fossiliferous, glauconitic 


marl with some limestone nodules; thickness of 2.5 feet is not 
exposed at ford but represents entire thickness of bed; it was 
measured at mouth of a small, winding tributary about roo feet 


. Brown-yellow, hard, very impure limestone, discontinuous and 


. Brown and yellow, irregular, concretionary limestone nodules... . 
. Dark green-brown, thin and poorly bedded, glauconitic, fossiliferous 


. Slightly indurated shell and concretion layer with some black, 


. Brown-green, massive to poorly bedded, fossiliferous, glauconitic 


Sharp boundary, base of marine lentil. 


. Chocolate-brown, laminated to thin-bedded, lignitic shales with 


yellow efflorescences of copiapite; total thickness not exposed, to 


o.otor.1 


0.3 


0.6 too.8 
0.8 


2.2 
0.2 


0.6 


2.7 


* Remington Kellogg, “A Review of the Archaeoceti,” Carnegie Inst. Washington Pub. 482 (1936), pp. 
242-43, Pl. 15, Figs. 4-6. 
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II. Alabama Ferry, Houston County, Texas. Left bank of Trinity River about o.2- 
o.5 mile downstream from the abandoned Alabama Ferry, about 7.5 miles west- 
southwest of Porter Springs; Bureau of Economic Geology locality No. 113-T-9. 

Exposures on left bank of river, beginning 600 feet below ferry, and extending 
2,000 feet downstream. Dip is downstream so that older beds are visible on upstream 
end and younger beds on downstream end of bluffs. Mouth of small creek divides 
exposures into two parts. Upstream part has beds a to m visible; downstream part has 
beds 7 to » showing. Therefore, upstream part is predominantly marine and richly 
fossiliferous; downstream part is predominantly brown shale and poor in fossils. 


SECTION AT ALABAMA FERRY ON LEFT BANK OF TRINITY RIVER 


. Brown shale, similar to bed g but more weathered.............. 
. Brown shale with four light-colored silty shale beds, which are about 


. Clay-ironstone concretions, hard, yellow-brown, smooth-surfaced, 


discontinuous, in many cases with shell layer through middle. . 


. Brown shale, black-brown when fresh, chocolate-brown when 


weathered, "thin-bedded, gypsiferous, nearly everywhere devoid 


. Shale, gray-brown, waxy, bentonitic, thin and well bedded, with 


. Bentonite, bright green when weathered, black-green when fresh, 


waxy, with many desiccation cracks; this bed forms broad, flat 
bench at low-water stage on south end of exposure............. 


. Glauconite marl, as bed /; this bed contains here and there 3-inch 


layer of clay-ironstone in south part of exposure.............. 


. Clay-ironstone bench, hard, brown, glauconitic, fossiliferous, 


roughly arranged in two layers separated by marl seam....... 


. Glauconite marl, gray-green, massive, rich in fossils, with basal 


2-inch thick shell breccia at one place; contains here and there 


. Silt beds, light gray, muscovitic, well bedded, paper-thin in most 


places, ‘put at one place 3-inch thick bed occurs; separated by silty 


. Marl, gray-blue ‘o gray-green, poor in glauconite and fossils... .. 
: Bentonite, gray-blue when fresh, bright green when weathered, 


waxy, with many slippage planes 


. Glauconite marl, gray-green, soft, richly fossiliferous; abounds in 


Plicatula; contains Crassatella texalta 


f. Limestone, ‘hard, gray-green, glauconitic, fossiliferous, marly, en- 


b. 


a. 


closes balls of brown clay-ironstone...............e..eeeeee 


. Clay-ironstone bench, hard, brown, irregular, richly glauconitic, 


fossiliferous, similar to bed c, in most places in two separate 
layers; makes most extensive bench of outcrop............... 


. Glauconite marl, similar to bed 6 but slightly lighter in color; con- 


tains Crassatella texalta Harris and Turritella cortezi Bowles; base 
= this bed contains clay-ironstone layer but only at downstream 


bench, hard, brown, irregular, fossiliferous, richly 


aes one Crassatella texalta Harris was found in top of this 
marl, dark green, fossiliferous; broken coral branches 
are common in base of this bed and branching pipes filled with 
material from this bed extend into bed a..................6-, 


Shale, black to black-gray, non-fossiliferous, non-glauconitic, with 
dark gray, muscovitic silt partings and a few lenses of glauconite 
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III. Hurricane Bayou, Houston County, Texas. Bed of creek 0.2-0.5 mile up 
creek from bridge on Crockett-Rusk county road (mail route 1), 3.35 miles northeast 
of Crockett; Bureau of Economic Geology locality No. 113-T-z. 

Outcrops at this long-known locality occur on two meanders of creek. As apparent 
dip is downstream, upper beds, that is, beds e to ”, crop out in lower meander, whereas 
lower beds, that is, beds a to f, crop out in upper meander. Following section is com- 
posed of all beds visible in the two places. 


Bs 


SECTION AT HURRICANE BAYOU 


. Brown shale, badly weathered to red-brown clay soil............ 
. Bentonite, dark green, waxy, conchoidally fracturing, pure, with 


. Marl, slate-gray, thin-bedded, poor in fossils and glauconite...... 
. Clay-ironstone concretions in marl; hard, yellow, brown, or purple, 


concentric concretion heads arranged roughly in three layers of 
which uppermost is more brightly yellow in color; marl is dark 
green and rich in glauconite and fossils...................... 


. Silt lentils, light gray-yellow when weathered, well bedded, musco- 


vitic, lacking fossils and glauconite. 


. Marl, light gray to light greenish brown, thin-bedded, unctuous, 


. Bentonite, dark green-black, with numerous slippage planes and 


irregular pockets of fossils and glauconite.................... 


. Marl, dark green, richly fossiliferous and glauconitic, with several 


nonpersistent 1-inch thick layers of brown clay-ironstone; par- 
ticularly richin Plicatulas; Crassatella texalta Harris occurs in this 


be 
. Clay-ironstone bed; this bed forms flat creek bottom at north end of 


lower meander, where it is a hard, dull maroon-colored, uneven, 
richly glauconitic and fossiliferous bed. This bed is much better 
exposed in creek bottom of upper meander but consists there of 
weathered and indurated, brown, glauconitic fucoidal, impure 
clay-ironstone. 


. Clay-ironstone, hard, yellow-brown, glauconitic, calcareous; its 


surface thrown into large shell-ridge ripple marks which trend 
N. 20° E. and are as an average 4 feet apart. Beds d ande..... 


. Marl, weathered, glauconitic, but not indurated................. 
. Limestone, hard, brown, weathered, impure, smooth-topped...... 


Beds a to ¢ are exposed around deep waterhole at sharp right- 
hand turn upstream from upper meander 
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GEOLOGICAL NOTES 


COAL IN EOCENE, NEAR BAKERSFIELD, CALIFORNIA! 


ROBERT W. CLARK? 
Los Angeles, California 


Eocene coal has been known in California for a long time and 
there have even been some mining operations carried on.’ The loeal- 
ities cited are on the east side of the northern Sacramento Valley and 
on the west side of the San Joaquin Valley in the coast ranges. No 
Eocene coal has been mentioned on the east side of the San Joaquin 
Valley. In fact there is no published information on the Eocene in 
the east side of the southern half of the valley since it does not crop 
out there and only a few wells have penetrated it. Therefore the find- 
ing of Eocene coal in the Western Gulf Oil Company’s KCL-B No. 45, 
in Sec. 22, T. 29 S., R. 27 E., in the Fruitvale field, seems worthy of 
comment. 

The Rio Bravo sand was encountered at 8,920 feet. A 15-foot 
shale interval separated this sand from true Vedder. Brown shale was 
encountered at 9,240 feet. A core, spotted at 9,420-9,430 feet, con- 
tained Siphogenerina nodifera. The lower 300 feet of this shale was 
sandy for the most part but at 9,900 feet the formation became coarse 
sandstone. From fossil and lithologic evidence the Tumey shale and 
Tumey sand (Kreyenhagen) occupy the interval from 9,240 to 9,900 
feet. There is no direct fossil evidence from the sand below 9,900 feet, 
but from the sequence and by comparison with other known areas it is 
assumed to be Eocene in age This sand with some minor shale breaks 
and shaly facies extends down to 10,500 feet. Basement rocks were 
encountered at 10,588 feet, the overlying 88 feet being a vari-colored 
claystone. 

The coal occurs in the Eocene sand body at approximately 10,300 
feet. Since the core recovery in this interval was reported to be 100 


1 Manuscript received, July 12, 1940. 
2 Chief geologist, Western Gulf Oil Company. 


8 Charles A. Anderson and R. Dana Russell, ‘‘Tertiary Formations of Northern 
Sacramento Valley, California,’ California Jour. Mines and Geology, Vol. 35, No. 3, 
pp. 230 and 251. 

Ralph Arnold and Robert Anderson, ‘“‘Geology and Oil Resources of the Coalinga 
District, California,’ U.S. Geol. Survey Bull. 398 (1910), p. 49. 

Robert Anderson and Robert W. Pack, ‘“‘Geology and Oil Resources of the West 
Border of the San Joaquin Valley North of Coalinga, California,” U.S. Geol. Survey 
Bull. 603 (1915), pp. 67, 70, 72, and 209. 

James Perrin Smith, “The Geologic Formations of California,’’ California State 
Min. Bur. Bull. 72, p. 16. 
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per cent, the section may be described as follows, beginning at 


10,295 and proceeding downward. 
Thickness Depth 
Feet Inches in Feet 
— floury, medium-grained sand 10, 295 
0a. 
Very dark sandy siltstone 
Coal 
Glauconitic well sorted sand 
Coal 
Sand, as above 
Sand cemented with pink clay 
Claystone, gritty 
Coal 
Claystone 
Glauconitic sandstone 


HOOONHONWHEDND 


10,320 


The main coal seam is an 8-foot bed with a 1-foot bone about in 
the middle of it. No clay was apparent either above or below the coal, 
except the lowest bed. The coal is black with a near-pitchy lustre, 
subconchoidal fracture and brownish streak. Proximate analyses‘ of 
two samples, A. 10,297—10,301 and B. 10,302—10,305, gave the follow- 
ing results. 


A B 
Moisture and Moisture and 
Original Ash-Free Basis Original Ash-Free Basis 
Moisture 2.715 2.725 
Ash 15.02 12.34 ‘ 
Volatile matter 47-585 57-84 50.725 59.72 
Fixed carbon 34.68 42.16 34.21 40.28 


The moisture content will have to be disregarded in classifying this 
coal since the cores stood unprotected several days before the analyses 
were made. Then they were washed to remove drilling mud and then 
air-dried for 24 hours. The low percentage of fixed carbon and high 
percentage of volatile matter would make this coal appear to be 
lignite. However, Campbell® says: 

The term “‘lignite,” as used by the Geological Survey, is restricted to those 
coals which are distinctly brown and either markedly woody or claylike in 
their appearance. The term “subbituminous” is adopted by the Geological Sur- 
vey for what has generally been called “black lignite.” . . . Subbituminous 
coal is generally distinguishable from lignite by its black color and its ap- 
parent freedom from distinctly woody texture and structure. ... 


This coal, then, should be ranked as subbituminous. Campbell® shows 
an analysis of a subbituminous coal from the Tesla district, Cali- 


4 Made by the Gulf Research and Development Corporation, Pittsburgh, Penn- 
sylvania. 


5 Marius R. Campbell, ‘The Coal Fields of the United States,” U.S. Geol. Survey 
Prof. Paper roo-A (June, 1917), p. 7. 


6 Op. cit. 
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fornia, with a fixed carbon content of about 4o per cent on a water- 
and ash-free basis, and one from Mt. Diablo with 46 per cent, which 
agrees with the present classification. 

Two other wells have been drilled to the basement in the Fruitvale 
area and did not encounter the coal. These are the Meridian Oil 
Company’s Fee No. 2, about 6,000 feet northeast of the Western 


BLOCK DIAGRAM 


LOWER STRATIGRAPHIC SECTION 
FRUITVALE FIELD 


Fic. 1 


Gulf well, in Section 23, and The Texas Company’s Camp-West- 
Lowe No. 1, a little more than 3 miles northwest, in Section 7. The 
block diagram shows the stratigraphic relationships of the lower part 
of the section down to the basement in these three wells. This is not a 
true perspective since it is desirable to show true thicknesses at the 
three wells. At the time the coal material was being accumulated in 
the bogs and coastal lagoons at the location of No. 45, the Meridian 
site was still high and dry, while the Camp-West-Lowe site was out 
in the sea far enough to be receiving mud and silt deposits. The 
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lagunal area must have been a very narrow strip, trending nearly 
north or slightly west of north. The site of the two Shell Oil Company 
wells near Famosa, about 15 miles N. 30° W. of Fruitvale, appears to 
have been deeper water at the coal-forming period. The length of the 
lagunal area is not even suggested because of lack of drill holes. 

The writer’s thanks are due K. C. Heald, of the Gulf Oil Corpora- 
tion, Pittsburgh, Pennsylvania, for criticism and permission to pub- 
lish this note; also R. C. Barker, of the Gulf Research and Develop- 
ment Corporation, for the analyses, and P. M. Jameson for the 
drafting. 


PROBABLE LOWER MISSISSIPPIAN AGE OF THE 
CABALLOS NOVACULITE, NEW MEXICO! 


CHARLES LAURENCE BAKER? 
College Station, Texas 


The basal conglomerate of the Pennsylvanian Magdalena group in 
the northern San Andres Mountains, from Sheep Mountain north- 
ward, in south-central New Mexico, is composed of angular boulders 
of vari-colored, but mostly white, novaculite. Extensive search led to 
the discovery, in the southern anticlinal nose of Fairview Mountain, 
T. 10 S., R. 4 E., of novaculite in place, directly beneath the uncon- 
formity at the base of the Magdalena. 

The novaculite rests here on a medium-bedded dense fine-textured 
blue-gray limestone which is the basal bed of the Lake Valley Missis- 
sippian lying unconformably on fossiliferous Upper Devonian clayey 
sandstones and sands. The basal Mississippian limestone contains 
lenses of novaculite in its upper part. The novaculite occurs in large 
concretionary-like “pillows” free from the admixture of any other 
kind of rock and banded in the various colors found in the Caballos 
novaculite, white and light green predominating. In places a very deep 
brown-red shale is found overlying the novaculite both above and be- 
low the unconformity at the base of the Magdalena. Exactly similar 
shale, evidently a weathering product, is found on the unconformable 
contact of the Tesnus and Caballos novaculite at various places in the 
Marathon basin, trans-Pecos Texas. 

The basal conglomerate of the Magdalena in the northern San 
Andres Mountains is practically entirely angular boulders of novacu- 
lite varying up to 3 feet in diameter. This conglomerate ranges from 1 
foot to 6 feet in thickness. 

1 Manuscript received, July 29, 1940. 

2 Department of geology, Agricultural and Mechanical College of Texas. 
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Further stratigraphic details pertinent to the subject will be given. 
All pre-Magdalena formations thin from south to north in the San 
Andres Mountains as they approach the “Colorado Island,” a pre- 
Pennsylvanian land mass. All the Paleozoic formations are well de- 
limited by basal unconformities and are easily distinguishable litho- 
logically as well as faunally. The following table gives the thickness of 
these formations in the southern and northern parts of the range. 


PaLreozorc FoRMATIONS IN SAN ANDRES Mountains, NEw MExico 
(Thickness in Feet) 


Southern 

(Ash Canyon) Northern 
Magdalena 4,300 
Lake Valley 315 5-75 
Upper Devonian : 165 10-70 
Fusselman dolomite 450 Absent 
Montoya dolomite-limestone 645 IIo 
E] Paso limestone 138 80 
Bliss sandstone II5 o-7 


The Upper Devonian and the Lake Valley thin from south to 
north at the northern end of the range. The basal bed of the Lake 
Valley is a limestone with an underlying surface of irregularity, rest- 
ing on a section of the Upper Devonian which thins from south to 
north. Fossils are more numerous in the upper part of the Devonian 
section. In the Ash Canyon section of the southern San Andres 
Mountains the lower third of the Devonian is black fissile shale and 
the upper two-thirds mainly hard concretionary, poorly laminated 
calcareous mudstones with fossils. This is rather typical Percha shale. 
The lithology of the Devonian is markedly different in the northern 
part of the range, the strata being predominantly sandy and pebbly 
although some brown laminated sandy shale occurs in the lower half 
on the south side of Sheep Mountain. 

The following section, in descending order, of Lake Valley occurs 
on the north wall of Sly Gap Canyon on the southern slope of Sheep 
Mountain. 


Lake VALLEY Formation, SLy Gap CaNyoN, SHEEP Mountain, NEw MExIco 


Thickness 
in Feet 

1. Basal Magdalena conglomerate of novaculite boulders 1-6 
2. Novaculite, nodular, with nodules coated dark green 8 
3. Limestone, heavy-bedded, blue-gray, with novaculite lenses 15 
4. Fossiliferous clayey blue-gray limestone grading down into coarsely 

laminated blue-gray clay 20 
5. Limestone, medium-bedded, dense blue-gray, with dark chert lenticles 


in upper 18-20 feet. Contains diorite-porphyry sill 8 feet thick, 5 feet 
below top, and rests on eroded surface of poorly indurated fine-grained, 
light brown clayey and fossiliferous sandstone of Upper Devonian 23 
In places here members (2) and (3) are missing 
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Well preserved diagnostic fossils were collected from Devonian 
and Mississippian in various of the northern exposures. 

There is considerable probability from the foregoing that part or 
perhaps all of the Caballos novaculite is the correlative of the former 
upper part of the lower Mississippian section of southern New 
Mexico in which now only remnants of the novaculite have been pre- 
served from the erosion taking place previous to deposition of the 
Magdalena group. 
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DISCUSSION 


POSSIBILITIES OF HEAVY-MINERAL CORRELATION OF SOME 
PERMIAN SEDIMENTARY ROCKS, NEW SOUTH WALES, 
BY DOROTHY CARROLL 


DISCUSSION BY H. G. RAGGATT! AND IRENE CRESPIN! 
Canberra, A.C.T., Australia 


In the April number of this Bulletin (Vol. 24, No. 4 (April, 1940), pp. 
636-48), Dorothy Carroll discussed the correlation value of heavy-mineral 
assemblages of some of the sediments exposed and proved by drilling in the 
central-eastern Permian basin of New South Wales. (All place and formation 
names mentioned in this note are included in Dr. Carroll’s paper.) 

Dr. Carroll is an experienced worker, and with most of her comments we 
agree. However, after stressing the difficulties of reaching definite conclusions 
based on examination of a limited number of specimens, and pointing out 
that lateral (facies) differences may be greater than vertical ones, she states: 
“Taking all the available information, the lithology, the heavy-mineral 
suites, the grain-size, and the presence of brachiopods, it seems valid to con- 
clude that the Kulnura grit is part of the upper Marine series, probably the 
Muree stage.”’ There are two lines of evidence which show that it is highly 
improbable that this ‘‘Kulnura grit” cored at 6,293 feet can be correlated 
with the Muree beds. 

One is, that it is entirely opposed to the trend of paleogeographic evi- 
dence, the other that it, is opposed to the lithological and paleontological 
evidence as revealed by a detailed study of the bore log. The first line of evi- 
dence will be discussed elsewhere by one of us (H.G.R.) in the near future, 
the second is briefly presented here. 

The drill cuttings from the Kulnura bore were critically examined by one 
of us (I.C.) whilst drilling was in progress and a detailed log prepared. A 
critical examination of this log shows that after entering the Permian the bore 
passed through coal seams at about 2,750 feet and 2,880 feet. Fragments of 
Glossopteris were found at 3,111 feet, 3,235-3,245 feet, and 3,290 feet. “‘Coaly 
particles” or “fragments of coal” (numerous at 3,615 feet) were recorded at 
3,553 feet, 3,615 feet, and 3,695 feet. At 3,778 feet the first foraminifer was re- 
corded (Nodosaria sp.) and Foraminifera were recorded at intervals thereafter 
to 4,465 feet. A short distance lower (4,495 feet) “indeterminate plant re- 
mains” were noted and “fragments of coal” were reported at close intervals 
from 4,520 feet to 4,667 feet. At 4,790 feet Foraminifera were again recorded 
and these with Ostracoda were present at fairly close intervals to the bottom 
of the bore, which was discontinued in a hard rock at 6,293 feet. This bottom 
rock is pebbly and contains shelly fossils. 

In considering this record it is to be noted that coal is not recorded with 
the Foraminifera and that the reverse is also true; hence, we must conclude 
that the drillings are not unduly contaminated by cavings. 

At a later date samples which had been put aside at the drill site were 
selected for examination by H. F. Whitworth of the Geological Survey of 


1 Department of the Interior. 
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New South Wales. These samples were panned and the concentrate examined 
for coal particles. Quite independently Mr. Whitworth found the coal frag- 
ments to be restricted to the intervals here noted. 

The simplest and most reasonable explanation of these facts is that the 
normal Hunter River alternation of marine and fresh-water beds was 
proved in the Kulnura bore, the monotonous lithology commonly seen in out- 
crop being accentuated by off-shore conditions. 

A large number of samples collected by various workers from exposures 
of Permian rocks in the lower Hunter Valley has been examined for their 
foraminiferal content by one of us (I.C.). This work has shown that a large 
number of forms ranges throughout most of the Permian sequence in the 
Hunter Valley. Three genera, however, Frondicularia, Nodosaria, and Geinit- 
zina, have not been found higher than about the middle of the Branxton 
beds. One of these, Nodosaria, was the first foraminifer to be noted in the 
Kulnura cuttings. 

Hence, knowing that considerable overlaps occur on the Kulnura- 
Lochinvar axis near Congewai (11 miles north of Kulnura), it seems very prob- 
able that the higher Marine Permian beds, including the Muree, were not 
proved in the bore, but that it passed directly from the upper Coal Measures 
into the Branxton beds, and when drilling ceased was about 1,600 feet into 
the lower Marine series. 

On the foregoing criteria the following interpretation of the Kulnura 
log is suggested. 


Depths Thickness 
Unit in Feet in Feet Criteria 
Upper Coal Measures 2,700-3,775 1,075 Coal seams and Glossop- 
teris 
Upper Marine series (prob- Branxton type Foramini- 
ably Branxton stage) 31775-41490 715 fera 
Lower Coal Measures 4, 490-4, 667 177 Plant remains and coal 


fragments 
Lower Marine series 4, 667-6, 293 1,626+ Foraminifera 
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REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library and available, for 
loan, to members and associates. 


O. C. MARSH, PIONEER IN PALEONTOLOGY, BY CHARLES 
SCHUCHERT AND CLARA M. LEVENE 


REVIEW BY W. H. TWENHOFEL! 
Madison, Wisconsin 


O. C. Marsh, Pioneer in Paleontology, by Charles Schuchert and Clara M. 
LeVene. Published on the Foundation Established in Memory of Philip 
Hamilton McMillan of the Class of 1894, Yale College. Yale University 
Press, New Haven, Connecticut (1940). 541 pp., 30 pls., 33 text figs. 
Price, $5.00. 


This new biography of one of the American pioneers in vertebrate paleon- 
tology should be read by every student of science. It is, among other things, 
an analysis of the characteristics and attributes of one of the greatest scientists 
of the United States. It presents Marsh, the man, with his good and bad qual- 
ities; it presents the explorer, the collector, the biologist, the vertebrate 
paleontologist, and the stratigrapher. The book interestingly leads the reader 
from Marsh, the boy on a New York farm, to Marsh, president of the Na- 
tional Academy of Science; to the internationally famed vertebrate paleon- 
tologist and to the unsalaried professor of paleontology in Yale. In fifteen 
chapters, the reader is made acquainted with the ancestry of Marsh, his boy- 
hood and his career in Andover and Yale. The reader travels with him in his 
early trip to Europe, goes with him on his expeditions to hunt fossils in the 
west, and sympathizes with him in his exposures of graft in the Government’s 
Indian affairs. He learns to know Marsh’s “‘bone diggers” and his laboratory 
assistants. He becomes acquainted with Marsh’s uncle, George Peabody, the 
famed London banker, and with John Bell Hatcher, his great collector of 
vertebrate fossils. 

Marsh’s contribution to the theory of evolution and his part in the organi- 
zation of the United States Geological Survey are given in interesting detail, 
and three chapters treat of Marsh’s work on dinosaurs, toothed birds, 
mososaurs, flying reptiles, and fossil mammals. One chapter is devoted to 
Marsh as an individual and another to his home in New Haven, Connecticut, 
and the many interesting things that filled the home. Some aspects of the 
Marsh-Cope controversy are given, but it is obvious that the authors desire 
to treat this deplorable conflict with charity and to be silent respecting the 
disgraceful events that characterized much of it. The book contains a com- 
plete list of all articles and books published by Marsh. 

The reviewer has been fond of biography since boyhood. Many biog- 
raphies have been found interesting, others dull. Some did not carry impres- 


1 Department of geology, University of Wisconsin. Manuscript received, July 25, 
1940. 
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sions of authenticity. The biography of Marsh holds the reader’s interest 
from the first to the last sentence and leaves no doubt of its accuracy. The 
reviewer did not know Marsh and has not been interested in his field. The 
biography brought acquaintance and an appreciation of his contributions to 
science. Professor Schuchert and Miss LeVene are to be congratulated for 
having done an extremely excellent piece of work. 


OIL AND GAS FIELD DEVELOPMENT IN UNITED STATES, 1939, 
BY NATIONAL OIL SCOUTS AND LANDMEN’S ASSOCIATION 


REVIEW BY G. S. DILLE! 
Tulsa, Oklahoma 


Oil and Gas Field Development in United States, 1939, by National Oil Scouts 
and Landmen’s Association. Yearbook 1940. Review of 1939. Edited 
by Hervey L. Eversberg. 611 pp., maps, tables. Cloth. 8 X10.75 inches. 
Published by the National Oil Scouts and Landmen’s Association, Austin, 
Texas. Price, $7.50. 


This amazing and very informative volume is the tenth annual yearbook 
published by the National Oil Scouts and Landmen’s Association, and is the 
first to present a complete review of development in all oil- and gas-producing 
states in the United States. 

This volume, containing 605 pages, is a review of all drilling activity in 
the United States, all new fields discovered, their depth and producing forma- 
tion, all completions, dry or as producers, all wildcat drilling, and all pertinent 
facts connected with each state and its 1939 experience. 

Leasing information in both producing and non-producing states, geo- 
physical exploration in each state, and maps showing new development and 
pipeline facilities are included. A discussion of well spacing and unitization in 
various pools is also included under the states where it is of present interest. 

It is impossible to appreciate the mass of statistical information assembled 
in this publication without spending hours examining it. The volume includes 
statistics and graphs covering the nation’s reserves and production by states. 
It also includes recovery per acre from every field in the United States and 
estimates of reserves for each pool. The figures covering Oklahoma and 
Kansas recovery per acre have been carefully checked against those compiled 
by major companies over long periods and in every instance have been found 
accurate. 

All information that passed over the desk of either a scout or a landman 
during 1939 seems to have been incorporated within this book. It is without 
doubt one of the greatest volumes of oil and gas statistical information ever 
assembled. It is one of the most important reference books in the industry. No 
company, engineer, or geologist should be without it. 

The National Oil Scouts and Landmen’s Association is to be highly 
commended for their immense effort and its successful completion. 


1 Consulting geologist, 808 Atlas Building. Manuscript received, August 2, 1940. 
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GEOLOGY OF THE SUB-ANDEAN BELT OF BOLIVIA, BY 
GLYCON DE PAIVA, JORGE MUNOZ REYES, 
AND GUILLERMO MARIACA 


REVIEW BY JOHN L. RICH! 
Cincinnati, Ohio 


“‘Geologia da Faixa Subandina da Bolivia” (Geology of the Sub-Andean 
Belt of Bolivia), by Glycon de Paiva, Jorge Mufioz Reyes, and Guillermo 
Mariaca. Boletin 101, Ministério da Agricultura, Departamento Nacional 

da Produgéo Mineral, Divisao de Geologia e Mineralogia (Rio de Janeiro, 
1939). 83 pp. with aerial photographs and sketch geological map in color. 


The sub-Andean belt of Bolivia is a strip about 30 miles wide immediately 
east of the high Andes. 

An agreement between Bolivia and Brazil aiming at the utilization of 
Bolivian oil and its passage through Brazilian territory led to a field recon- 
naissance of the potentially petroliferous sub-Andean belt and a review of all 
available literature through 1937 by a group of two Bolivian and one Brazilian 
geologists. The results, published in Portuguese, comprise the bulletin under 
review. 

In the introduction the authors emphasize the present inadequate under- 
standing of the geology of the region, particularly of its stratigraphy, which 
they attribute to inaccessible and difficult terrain, inadequate maps, and 
especially to a difficult stratigraphic section containing a great thickness of 
mainly continental beds of similar lithology ranging in age from early 
Paleozoic to upper Tertiary and very poor in fossiliferous key beds suitable 
for correlation. 

The chapter on stratigraphy presents and discusses in considerable detail 
the stratigraphic sections worked out by d’Orbigny, Bonarelli, Heald and 
Mather, Mather, Schlagintweit, the Argentinian Y.P.F., and Frenguelli, and 
an attempt is made to harmonize these graphically in a chart entitled ““Tenta- 
tive Correlation of Sections.’”’ Another chart prepared by Cafiedo Reyes shows 
the “Position of the Petroliferous Horizons in the Sedimentary Column of the 
Sub-Andean Belt.” 

Physiography and tectonics are treated in separate chapters, but since 
the physiography closely reflects the tectonics, the two are here reviewed 
together. A physiographic map of Bolivia subdivides the country into the 
“Puna,” the high arid inter-Andean basin extending southward from Lake 
Titicaca into Argentina; the ‘‘Sub-Puna,”’ between the Cordillera Real, the 
high range on the east border of the Puna and the first of the sub-Andean 
folded chains—essentially the eroded eastern side of the Andean plateau; the 
“Faixa Sub-Andina” (sub-Andean belt); the ‘‘Piemonte Andino” (Andean 
Piedmont); and the great eastern plain called the ‘‘Planicie Beniana Ama- 
zonica’”’ at the north and ‘‘El Chaco” at the south. 

The sub-Andean belt is marked by long ridges and intervening lowlands. 
The ridges are either stripped anticlines of resistant rock—generally Paleozoic 
—or are the outcrops of the resistant beds on the flanks of anticlines that 
have been breached at the top. The lowlands are generally synclinal and 


1 Department of geology, University of Cincinnati. Manuscript received, August 5, 
1940. 
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underlain by Mesozoic rocks. Simple long folds are the commonest structures, 
but some are broken by thrust faults with displacements up to 2 or 3 miles. 
Thrusting and overturning are from the west. 

The Andean Piedmont belt is a strip of land of intermediate elevation 
between the easternmost of the longitudinal folds and the flat plains of the 
Chaco. 

Some of the rocks underlying the folds are bituminous and numerous 
seepages occur along the anticlines and faults. Oil has been found in shallow 
wells at several places. A rather extensive program of exploration and test 
drilling is recommended. 

The bulletin with its bibliography and discussion of the literature should 
prove a useful foundation for the necessary further work in the region. 


RECENT PUBLICATIONS 
CALIFORNIA 


*“California Reserves Maintained by Intensive Exploration,” by Roy 
M. Barnes. Oil and Gas Jour. (Tulsa), Vol. 39, No. 9 (July 11, 1940), pp. 40- 
41, IOI-03; 3 curve charts. 

GENERAL 


A Catalogue of Foraminifera, by Brooks F. Ellis and Angelina R. Messina. 
30 vols., 30,000 pp., est., text and illustrations. 8.5 X11 inches. Loose-leaf, 
ledger-type post binder. First volume ready about August, entire work to 
be completed by end of 1940. Each genus and species treated as separate unit. 
Generic units contain type reference, transcript of original description, type 
species where designated by author, and chronologically arranged list of sub- 
sequent reference. Species units include type reference, type figure, transcript 
of original description, type level and locality, depository of types, and 
chronologically arranged list of subsequent references. Publication of the 
catalogue is part of a program of service offered by the American Museum of 
Natural History in establishing a department of micropaleontology. Benefits 
of the program are available through membership in the department. Initial 
membership open to all interested, $100 (includes 30,000-page catalogue). For 
continuing and active memberships and other details, write Department of 
Micropaleontology, American Museum of Natural History, Central Park 
West at 7oth Street, New York City. 

“Geophysical Abstracts 96, January-March, 1939,” compiled by W. 
Ayvazoglou. U. S. Geol. Survey Bull. 915-A (1940). 48 pp. For sale by Supt. 
of Documents, Govt. Printing Office, Washington, D. C. Price, $0.10. 

The Rhythm of the Ages (Earth History in the Light of the Pulsation and 
Polar Control Theories), by Amadeus W.: Grabau. 561 pp., 126 figs., 25 pls. 
and maps, 32 tables. Cloth-bound. Outside dimensions, approx. 7 X 10.25 X 2 
inches. The French Bookstore, Henri Vetch, Peking (Peiping), China (1940). 
Price: China, $30 Mex., £1; U. S., $5.00. 

*Petroleum Development and Technology, 1940, by the Petroleum Division. 
Trans. Amer. Inst. Min, Met. Eng., Vol. 136. 608 pp., illus. Published by the 
Institute, 29 West 39th Street, New York City. Cloth. 6 Xo inches. Price, 
$5.00 net. 
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*“Progress in Squeeze Cementing Application and Technique,” by Paul 
D. Torrey. Oil Weekly (Houston), Vol. 98, No. 8 (July 29, 1940), pp. 68-84; 


3 tables. 
*“Technical Advances and Economics of Water Floods,” by L. M. Arnold 


and R. C. Earlougher. Jbid., pp. 105-10; 3 figs. 


GREAT BRITAIN 


*“The Geology of an Area of Salopian Rocks West of the Conway Valley, 
in the Neighbourhood of Llanrwst, Denbigshire,” by P. G. H. Boswell and 
I. S. Double. Proc. Geologists’ Assoc. (London), Vol. 51, Pt. 2 (June 28, 1940), 
pp. 151-87; 2 figs., 1 folded map in colors. 

*“The Salopian Rocks of the Clwydian Range between the Bodfari Gap 
and Moel Llys-y-coed, Flintshire,” by Brian Simpson. Jbid., pp. 188-206; 4 
figs., 2 photographs, 1 folded geological map. 

IRAN AND IRAQ 

*“The Geology of the Oil-field Belt of S. W. Iran and Iraq,” by G. M. 
Lees and F. D. S. Richardson. Geological Magazine, Vol. 77, No. 3 (May- 
June, 1940), pp. 227-52; 2 figs. Stephen Austin and Sons, Ltd., 1 Fore Street, 
Hartford, Herts, England. 

LOUISIANA 

*Louisiana Dept. Conservation 14th Bien. Rept., 1938-1939, published by 
Dept. of Conservation, 126 Civil Courts Building, New Orleans (1940). 416 
pp., illus. and 39 sheets in pocket, including oil and gas statistics by fields, oil 
and gas production by parishes, map of oil and gas fields. Work and publica- 
tions of State Geological Survey described on pp. 211-61, including tentative 
stratigraphic column. 6 X9 inches. Paper cover. 


MICHIGAN 
*“Walker Field, Kent and Ottawa Counties, Michigan,”’ compiled by Oil 
and Gas Journal Service on Active Fields. Oil and Gas Jour., Vol. 39, No. 12 
(August 1, 1940), pp. 25-27; I map. 


NORTH DAKOTA 


*“Careful Exploration Required in North Dakota Oil Search,” by Frank 
C. Foley. Oil and Gas Jour. (Tulsa), Vol. 39, No. 10 (July 18, 1940), pp. 14- 
15; 1 geologic map. 

PENNSYLVANIA 

“Some Structural Features of the Northern Anthracite Coal Basin, Penn- 
sylvania,” by N. H. Darton, U.S. Geol. Survey Prof. Paper 193-D (1940), pp. 
69-81, Pls. 10-19, Figs. 7-19. Supt. Documents, Govt. Printing Office, Wash- 
ington, D. C. Price, $0.50. 

RUSSIA 


Ailas of the Leading Forms of the Fossil Faunas of the U.S.S.R.: Vol. V, 
The Middle and Upper Carboniferous, by I. Gorsky, V. Weber, L. Librovitch, 
B. Licharew, A. Nikiforova, V. Ruzencev, A. Fraas, V. Fomitchev, B. 
Tschernychew, A. Khabakov, and N. Yakovlew. 179 pp., 37 figs., 35 pls. 
Abstract by Carl O. Dunbar in Amer. Jour. Sci., Vol. 238, No. 8 (New Haven, 
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Connecticut, August, 1940), p. 607. Central Geological and Prospecting In- 
stitute, Leningrad (1939). 

Atlas of the Leading Forms of the Fossil Fauna of the U.S.S.R.: Vol. VI, 
Permian, by B. Licharew, E. Lutkevich, A. Martynov, A. Riabinin, E. 
Soshkina, T. Spizharsky, A. Khabakov, A. Tschernov, B. Tschernyschew, 
M. Shulga-Nesterenko, and N. Yakovlew. 268 pp., 113 figs., 56 pls. Ibid. 

*“Problems of Oil-Bearing Paleocene and Miocene Strata of Kabristan,” 
by B. V. Weber. Trans. Geol. Oil Inst., Ser. A, Fascicle 110 (Moscow, 1939). 
112 pp., § figs., geological tectonic folded map in colors. In Russian. 

*“Geology of the Region from the Samur River to the Main Range of the 
Caucasus and the Schach-Dagh Zone,” by D. W. Drobyschew. Jbid., Fas. 111. 
44 pp., § figs., correlation table. Pp. 41-43, abstract in German. 

*“T ithology of Oil-Bearing Carbonate Rocks of Middle Asia and Genesis 
of Oil-Bearing Dolomite,” by V. B. Tatarsky. Jbid., Fas. 112. 90 pp., 3 figs., 
6 pls. of photomicrographs. Pp. 86-87, summary in English. 

*“Mollusks of the Lower Oligocene of the Northern Caucasus,” by I. 
Korobkov. Jbid., Heft 113, 94 pp., 39 figs., 9 pls. of fossils, Pp. 80-87, ab- 
stract in German. 

*“Stratigraphy of Upper Jurassic Deposits of the Ural-Emba Region,” by 
E. I. Sokolova. Ibid., Fas. 114. 46 pp., map, correlation table. 

*“Materials on Stratigraphy and Oil Occurrence in the Southern Urals,” 
by E. Alexandrova, E. Glebovskaja, M. Kulikov, B. Nalivkin, G. Dmitriev, 
A. Nikiforova, N. Palitsin, O. Radchenko, V. Sermjaghin, D. Stepanov, and 
V. Trizna. Ibid., Fas. 115. 254 pp. 10 articles with English summaries. Pls., 
figs., tables. 

*“Articles on Microfauna,” by B. Keller, N. Subbotina, N. Voloshinova, 
and A. Schweyer. Jbid., Fas. 116, 103 pp. 4 articles with English summaries. 
Pls., tables. 

*“The Maikop Deposits of the Kerch Peninsula,” by Z. Majmin. Jbid., 
Fas. 117. 35 pp., 3 figs. Abstract in English. 

*“Stratigraphy of Variegated Series and Jurassic Deposits in the Emba 
District,” by N. A. Khramov. Ibid., Fas. 118. 68 pp., 8 figs., tables. 

*“Geological Investigations in the Southwestern Part of North Sakhalin,” 
by E. Smekhov. Jbid., Fas. 119. 19 pp., 3 figs. 

*“Foraminifera from Upper Jurassic and Lower Cretaceous Deposits of 
the Middle Volga Region and Obschiy Syrt,” by E. Mjatliuk. [bid., Fas. 120. 
76 pp., 2 figs., 4 pls. of fossils, distribution tables. Pp. 68-74, summary and 
species descriptions in English. 

*“Foraminifera from Upper Cretaceous and Paleogene Deposits of Fer- 
ghana,” by N. Bykova. Jbid., Fas. 121. 47 pp., 2 figs., 4 pls. of fossils. Pp. 
33-37, summary and species descriptions in English. 

*“Geological Section across the Red Mound in the Middle Mountain 
Range of Kamchatka,” by M. Dvali. /bid., Fas. 122. 28 pp., folded cross sec- 
tion. 

*“Tertiary Deposits in the Utholok District,’ by I. Pleshakov. Jbid., 
Fas. 123. 38 pp., 8 figs. 

*“Gastropoda from Tertiary Deposits of the West Coast of Kamchatka,” 
by A. Ilyina. Ibid., Fas. 124. 90 pp., 15 pls. of fossils. Pp. 75-83, summary 
and fossil descriptions in English. 

*“Foraminifera Occurring in the Bays of the Ohotsk Sea,” by N. Voloshi- 
nova and A. Petrov. Jbid., Fas. 125. 23 pp. Abstract in English. 
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*“Ostracoda of Upper Jura and Cretaceous of the Region of St. Ozinki 
(Middle Volga Area),” by E. Sharapova. Ibid., Fas. 126. 51 pp., 4 pls. of 
fossils, distribution chart. Pp. 38-47, abstract and species descriptions in 
English. 

*“Stratigraphy of Mesozoic Series in the Region of Khaltan-Leguitsch 
(Southeastern Caucasus),’”’ by Z. Mishunina. [bid., Fas. 127. 40 pp., 3 figs. 

*Fauna and Stratigraphy of Lower Cretaceous in Northwestern Cau- 
casus,”’ by N. Luppov. Jbid., Fas. 128. 44 pp., 6 figs., 8 pls. of fossils. Pp. 39- 
41, summary and species descriptions in English. 

*“Stratigraphy of Paleogene in the Tadjik Depression,” by O. Vialov. 
Ibid., Fas. 129. 35 pp., 2 figs. 

TEXAS 


*“Rincon Field in South Texas Being Steadily Extended,” by Neil Wil- 
liams Oil and Gas Jour. (Tulsa), Vol. 39, No. 12 (August 1, 1940), pp. 13-15} 
subsurface contour map, geologic cross section, photographs. 


ASSOCIATION DIVISION OF PALEONTOLOGY AND MINERALOGY 


*Journal of Sedimentary Petrology (Tulsa, Okla.), Vol. 10, No. 2 (August, 

1940). 

“Textural and Shape Variation in the Berea Sandstone of Ohio,” by Fred 
Foreman and Harry L. Thomsen 

‘‘Areal Variations of Calcium Carbonate and Heavy Minerals in Barataria 
Bay Sediments, Louisiana,” by L. T. Caldwell 

‘“‘Beach Sediments of Trout Lake, Wisconsin,” by V. E. McKelvey 

“‘Compaction of Lime Mud as a Cause of Secondary Structure,” by Ruth D. 
Terzaghi 

“Suggestions for the Facilitation of Grain Count with the Petrographic 
Microscope,” by William A. White 

‘‘A New Centrifuge Tube for Heavy Mineral Separation,” by W. E. Bertholf, 
Jr. 

“Notes on Limit of Sediment Concentration,” by E. W. Lane 
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The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not con- 
stitute an election but places the names before the membership at large. If 
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he should send it promptly to the Executive Committee, Box 979, Tulsa, Okla- 
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FOR ACTIVE MEMBERSHIP 


Richard Pete Akkerman, Houston, Tex. 
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EXECUTIVE COMMITTEE 


L. C. SNIDER, chairman, Petroleum Advisers, Inc., New York City 

Ep. W. OWEN, secretary, L. H. Wentz (Oil Division), San Antonio, Texas 
Henry A. Ley, San Antonio, Texas 
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SUPPLEMENTARY MEMBERSHIP LIST, SEPTEMBER 1, 1940 


Total additions since publication of list 

in March Bulletin............... 179 


||Allen, William H., Shell Oil Co., Inc., Box 1509, Midland, Tex. 
Anderson, 9k H., Texas Power & Light Co., 823 Interurban Bldg., Dallas, Tex. 
||Anderson, T C. Iliff, Pure Oil Co., 308 Hopkins Bldg., Bakersfield, Calif. 
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Hammonds, G. Scott, oil producer, Hotel Marshall, Marshall, Tex. 

Harris, D. B., Box 142, Mt. Carmel, Ill. 

Heeren, Julius A., 3117 S. Detroit, Tulsa, Okla. 

Hendricks, Leo, Bureau of Economic Geology, Univ. of Texas, Box 1534, Austin, Tex. 

Hendrickson, Robert D., Tide Water Associated Oil Co., Box 1404, Houston, Tex. 

Hitchcock, Edmund S., c/o E. C. Hitchcock & Son, Box 774, Midland, Tex. 

Hodder, Roland F., Brown Geophysical Co., Box 6005, Houston, Tex. 

Hughes, Aden Wayne, Union Oil Co. of Calif., Bakersfield, Calif. 

Hughes, Darrell S., Geophysical Section, Shell Oil Co., Inc., Houston, Tex. 

Hyde, Ben Cooper, Devonian Oil Co., Midland, Tex. 


Ingham, A. I., Shell Oil Co., Inc., Box 2099, Houston, Tex. 
||Johnston, John C., Stanolind Oil & Gas Co., Box 1099, Shawnee, Okla. 


Kelly, John S., Box 3128, Houston, Tex. 

Kennett, William Eric, Superior Oil Co., 263 Haberfelde Bldg., Bakersfield, Calif. 
Kilkenny, John E., 308 S. Chester Ave., Bakersfield, Calif. 

Kinney, Douglas M., 1702 N. El Molino Ave., Pasadena, Calif. 

Kistler, Phillip S., General Petr. Corp. of Calif., Box D, Taft, Calif. 

Klabzuba, Robert E., Prague, Okla. 

Kovac, M. Stephen, Cities Serivice Oil Co., Bartlesville, Okla. 


||Lapp, John H., 1125 N. Lee, Apt. 209, Oklahoma City, Okla. 

Lea, Joseph William, Sun Oil Co., Box 2880, Dallas, Tex. 

Leatherock, Otto, 1324 S. Utica, Tulsa, Okla. 

Lee, Harvey W., Union Oil Co., 1119 Union Oil Bldg., 617 W. Seventh St., Los Angeles, 


Calif. 

pats David J., Brown Geophysical Co., Ackerman, Miss. 

Loofbourow, John S., Jr., 345 S. Mansfield, Los Angeles, Calif. 
Lovely, Herbert Richard, c/o Westminster Bank, Hounslow, Middlesex, England 
Low, Julian W., The California Co., 810 Union Natl. Bank Bldg., Denver, Colo. 
Lund, Wesley R., Shell Oil Co., Inc., Great Bend, Kan. 
| Lupton, John H., III, ro9 Pitman, Pitman, N. J. 

Lyle, William E., Jr., 1611 Ninth St., Lubbock, Tex. 
Matjasic, Wallace L., 2825 California Ave., Bakersfield, Calif. 
[Mahe Thomas E., Kingwood Oil Co., McCleansboro, Ill. 

Matthews, Edwin P, Mene Grande Oil (Cos; Apartado 234, Maracaibo, Venezuela, 


Sinaia Ross A., National Park Service, Region III Headquarters, Santa Fe, N. Mex. 
McCloy, Walter i. Jr., Sohio Producing Co., Box 126, Allegan, Mich. 
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McCulloch, James C., Carter Oil Co., 229 Goff Bldg., Saginaw, Mich. 
W., The Texas Co., Box 476, Mattoon, Il. 
Mellen, Frederick F., West Point, Miss. 
Miller, Powell W., Western Gas Co., Box 1036, Jal, N. Mex. 
||Monahan, Charles Joseph, U. S. Engineer Office, Geology Subsection, Little Rock, 


Ark. 
||Moran, R. B., Jr., Superior Oil Co., Bakersfield, Calif. 


Nelson, Loyal Edward, The Texas Co., Rm. 8, Kern Co. Land Bldg., Bakersfield, Calif. 
Neustadt, Walter, Jr., Ardmore, Okla. 

Newhouse, Lester, 318 E. Eightieth St., New York, N. Y. 

Nichols, E. T., Nederlandsche Pac. Petr. Mij., Medan, Sumatra, N. E. I. 

Nichols, Norman M., Teal Club Rd., Oxnard, Calif. 

Noll, Donald E., Carter Oil Co., Springfield, ill. 

Nuckolls, William Carlisle, Carter Oil Co., Mattoon, Iil. 


||Park, poten Eastman Oil Well Survey Corp., 2895 Long Beach Ave., Long Beach, 
Calif. 


Parker, Travis J., 202 Elmwood, Austin, Tex. 
Pawley, Julian Kingsbury, General Geophysical Co., Box 255, Ashtabula, Ohio 
Petersen, Harluf C., Freeport Sulphur Co., 1804 American Bank Bldg., New Orleans, 


La. 
|Poirier, Otto Arthur, Brittmont, Minn. 
Pollard, Robert T., 416 Terminal Bldg., Oklahoma City, Okla. 
Potsch, John Peter, Hotel St. Elmo, St. Elmo, Ii. 


Quesenbery, Alice M., Cities Service Oil Co., Bartlesville, Okla. 


Ray, Robert H., 2530 Gulf Bldg., Houston, Tex. 
Reed, Paul C., Gulf Res. & Dev. Co., Box 158, Durant, Miss. 
ey Edward J., U. S. Engineer Office, Box 1234, Cincinnati, Ohio . 
Riggins, Leslie B., Jr., Pantepec Oil Co., Apt. 43, Barcelona, Venezuela, S. A. 
Riggs, Calvin H., Box 34, Muskegon, Mich. 
Rogers, Wilbur F., 1026 H St., Lincoln, Neb. 
Ronbeck, A. C., Superior Oil Co., General Delivery, Houma, La. 
Royds, James S., Continental Oil Co., 1024 Continental Oil Bldg., Denver, Colo. 
Rumsey, Nelson J., Jr., Core Laboratories, Inc., Wichita Falls, Tex. 


— Wendell Glenn, The Texas Co., Box 600, Wichita Falls, Tex. 
Savage, John D., United British Oilfields of Trinidad, Ltd., Point Fortin, Trinidad, 
B.W.I 


Schenck, Hubert G., 585 Washington Ave., Palo Alto, Calif. 
Schulz, William M., Cities Service Oil Co., Box 149, Mt. Pleasant, Mich. 
||Schwartz, Channing B., Standard Oil Co. of La., Drawer 1739, Shreveport, La. 
Scobey, Ellis H., Gulf Refg. Co., Box 482, Mattoon, I Tl. 
||Seals, = Hale, Tide Water Associated Oil Co., 809 Giddens Lane Bldg., Shreve- 
port, 
Sears, Joseph M., 525 W. Thirty-fifth St., Oklahoma City, Okla. 
Seedle, Charles W., Arkansas Fuel Oil Co., Shreveport, La. 
Sheets, Martin M., Stanolind Oil & Gas Co., Box 3092, Houston, Tex. 
Sherbony, William Everett, 2425 W. Thirty-fifth Ave., Denver, Colo. 
Skeels, Dorr Covell, Standard Oil Co. of N. J., 30 Rockefeller Plaza, New York, N. Y. 
Sleight, Glenn C., Sun Oil Co., Mt. Pleasant, Mich 
ne Lyle W., 248 Brent, Ventura, Calif. 
Sprague, tt Sinclair Prairie Oil Co. of La., 411 Louisiana Natl. Bank Bldg., Baton 
Rouge, La. 
Sreshthaputra, Vija, 1483 B. Lad Ya, Dhonburi, Thailand 
Stall, Trovall Lafayette, Shell Oil Co., Inc., Box 1509, Midland, Tex. 
Stoddard, Gail H., Standard Oil e of Texas, Box 1249, Houston, Tex. 
Stoker, Carl E., Box 33, Buffalo, S. D 
Stone, ‘George Bailey, Adams Oil & Gas Co., 2305 Esperson Bldg., Houston, Tex. 
[Sarre Tomas, Pure Oil Co., Box 311, Olney, Til. 
Sullwold, Harold H., Jr., 333 S. Rodeo Drive, Beverly Hills, Calif. 
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Taylor, George Ernest, Continental Oil Co., Box 478, Centralia, Ill. 

Teague, J. U., Hogg Oil Co., W. Columbia, "Tex. 

Ten Eyck, Richard, Continental Oil Co., 601 W. Fifth, Los Angeles, Calif. 

Thomas, George T., 712 L, Lubbock, Tex. 

Tichy, James R., Shell Oil Co., Inc., "Box 949, Amarillo, Tex. 

Tobin, Don F., Cities Service Oil Co., 907 Milam Bldg., San Antonio, Tex. 
Toulmin, Lyman, Jr., Dept. of Geology, Texas A. & M. College, College ee Tex. 
Tuohy, "John D., Standard Oil Co. of Venezuela, Caripito, Venezuela, S. A 

Turnbull, Wade W., Carter Oil Co., Box 1490, Jackson, Miss. 

Turner, Johnathan Douglas, Carter Oil Co., Box 568, Mattoon, Ill. 


ag Don G., Union Prod. Co., 841 M. & M. Bldg., Houston, Tex. 
Von Eiff, Herbert C. W., 812 Marshall, Houston, Tex. 


labering George E., Jr., 701 Hamilton Bldg., Wichita Falls, Tex. 

Walcher, Wayne E., Gulf Oil Corp., 1107 Union Natl. Bank Bldg., Wichita, Kan. 
Wendenburg, Otto, Gulf Res. & Dev. Co., Box 2038, Pittsburgh, Pa. 

Westmoreland, Earl, Seaboard Oil Co., Box 238, Evansville, Ind. 

Whatley, James M., Union Sulphur Co., Sulphur, La 

White, Paul C., 314 N. Piedmont St., Apt. 2, Arlington, Va. 

Whitlock, R. A., Jr., 2105 Cumberland, Rockford, Ill. 

Whitney, Paul B., Keeler Bldg., Grand Rapids, Mich. 

Wilcox, Stanley W., Seismograph Service Corp., Box 405, Jackson, Miss. 

Williams, Charles C., National Geophysical Co., 1002 Tower Petroleum Bldg., Dallas, 


Tex. 
Wilson, Cedric Clarke, Trinidad Petr. Dev. Co., Ltd., Palo Seco, Trinidad, B.W.1I. 
Winkler, Virgil, 108 N. Busey Ave., Urbana, IIl. 
Winzeler, Alvin R., Stanolind Oil & Gas Co. 429 aia Natl. Bank Bldg., Wichita, Kan. 
oe a Edgar, 423 S. Highland, Ada, O 
Wright, T. G., Stanolind Oil & Gas Co., 429 First Natl. Bank Bldg., Wichita, Kan. 


TWENTY-SIXTH ANNUAL MEETING, HOUSTON 
APRIL 2-4, 1941 


The twenty-sixth annual meeting of the Association will be held at the 
Rice Hotel, Houston, Texas, April 2, 3, and 4, 1941. The Houston Geological 
Society, at whose invitation the meeting is being held there, has already 
selected several of the convention committees to make preliminary arrange- 
ments. President WALLACE C. THompson, of the Houston Society, announces 
that plans are already under way and that the remaining committee chairmen 
and committee members will be appointed after the election of new local 
society officers in October. 

The general committee, or ‘‘steering committee,” is headed by ALEXANDER 
DEvSSEN and consists of W. B. Heroy, L. P. GARRETT, JoHN M. VETTER, 
and Roy L. BECKELHYMER. 

The hotel and registration committee is headed by Ox1n G. BELL and 
consists of K. H. CRANDALL, J. A. WHEELER, W. A. Gorman, and F. G. 
EVANS. 

Perry Otcort heads the program committee and will have several local 
assistants, who will be selected later. Regional chairmen will be appointed in 
Association districts. 

Another committee, which is relatively new, is a committee from the 
Houston Society to prepare an exhibit of Gulf Coast geology to help visitors 
understand problems peculiar to the Gulf Coast. This exhibit committee is 
headed by Paut WEAVER and consists of Lon D. Cartwricut, J. BRIAN 
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Expy, WALTER H. Spears, F. W. RoLsHAUSEN, W. F. CaLonan, and W. E. 
GREENMAN. 

J. A. CULBERTSON is chairman of the field trips committee. 

Additional committee appointments and further details of the convention 
will be announced later. 

In conjunction with the A.A.P.G. convention, the fifteenth annual meet- 
ing of the Society of Economic Paleontologists and Mineralogists and the 
eleventh annual meeting of the Society of Exploration Geophysicists will be 
held in the same hotel,—the Rice. 


WEST TEXAS GEOLOGICAL SOCIETY FALL MEETING 
AUGUST 17, 1940. ABSTRACTS 


The fall meeting of the West Texas Geological Society had an attendance 
of 177 persons at the Scharbauer Hotel, Midland, August 17. Following the 
technical program a barbecue-smoker was enjoyed at Cloverdale Park. The 
officers of the Society are: president, JoHN Emery ApaAms, Standard Oil Com- 
pany of Texas; vice-president, DANA M. Secor, Skelly Oil Company; and 
secretary-treasurer, FRED F. Koryza, Tide Water Associated Oil Company. 
Committee chairmen for the meeting were as follows: general chairman, 
Taytor Coie, University Lands; program, E. RussELL LLoyp, consultant; 
entertainment, W. E. DaucHERTY, Humble Oil and Refining Company; ar- 
rangements, W. L. HAsSELTINE, Magnolia Petroleum Company; publicity, 
FRANK GARDNER, Midland Reporter-Telegram. Speakers, subjects, and ab- 
stracts of papers follow. 

Leo HEnpRICKS, geologist, Bureau of Economic Geology, University of 
Texas, Austin: A Study of the Surface Stratigraphy of the Ellenburger Forma- 
tion of Texas (abstract). 

The Ellenburger formation of Texas is a series of limestones and dolomites 
of Cambro-Ordovician age. A detailed study of the outcrops reveals that the 
formation may be divided into at least three cartographic units. Criteria for 
recognition of the units in the field are lithologic character and type of 
weathered cherts. Faunal correlation of the units can be indicated. 

Roscoe Srmpson, geologist, Cardinal Oil Company, San Angelo: The Page 
Field in Schleicher County, Texas (abstract). 

The Page field is in the physiographic province known as the Edwards 
Plateau. Despite the wide spacing of the wells drilled, the field is as yet un- 
defined, especially to the north. 

In regard to Permian stratigraphy, sections made up predominantly of 
shale and sandstones occur over structural basins, and those which are pre- 
dominantly limestone occur over structurally high platforms. The Permian 
section of Schleicher County grades laterally into gray and black shales in 
the southwestern part of the county and consists of limestone in the north- 
eastern part of the county. 

On top of the Strawn limestone, a rather pronounced structural feature is 
evident with 400 feet of dip between two of the wells. The distance to the top 
of the gas zone or porous zone as measured from top of Strawn limestone is 
variable, ranging from 50 feet of penetration in one well to 170 feet in another 
well. 


4 
- 


THE ASSOCIATION ROUND TABLE 1699 


From the insoluble-residue work done to date, there seems to be a good 
marker of chalky chert with siltstones disappearing about 15 feet in the porous 
zone. 

RONALD K. DEForp, geologist, Argo Oil Corporation, Midland: Insoluble 
Residues in the Whitehorse and Salado of New Mexico. 

The author discussed briefly results obtained by Neil H. Wills and others 
by means of insoluble residues of well cuttings from the Salado salt and the 
upper Whitehorse dolomite. He also criticized hurried sample examination 
and the discarding of salt and redbed samples as unimportant. 

R. L. Cannon, geologist, Cannon and Cannon, San Angelo: Section En- 
countered in the Krupp Wells, Hudspeth County, Texas (abstract). 

The two wells being drilled by Haymon Krupp Oil and Land Company in 
Hudspeth County are the Briggs No. 1, located in the northeast quarter of 
Sec. 24, Block 73, Township 7, T & P Ry. Co. Survey, and the Thaxton No. 1, 
located in Sec. 34, Block 74, Township 6, T & P Ry. Co. Survey. The Briggs 
is now drilling below 6,206 feet. It is a projected Ordovician test. The Thaxton 
is temporarily shut down at a total depth of 6,402 feet. 

The surface structure of the area is accounted for by thrust folding and 
faulting. The Malone Mountains, adjacent to which the Briggs is now drilling, 
clearly exhibit this structure. 

The Briggs well encountered Permian rocks overthrust and resting on 
Upper Cretaceous shales underneath which there is a normal sequence, in- 
cluding a full section of Comanche (Lower Cretaceous) and Permian strata. 

The Thaxton penetrated the Campagrande formation (lower Comanche) 
overthrust on the Buda formation. Below the fault plane there is a normal 
sequence including from top down, Comanche, some possible Jurassic and 
Permian strata. 

Cary P. BuTcHeEr, geologist, Tide Water Associated Oil Company, Mid- 
land: Photographs of the Sacramento Mountains. 

A series of slides. 

Frank E. Lewis, consulting geologist, Midland: Position of the San 
Andres Group, West Texas and New Mexico (abstract). 

Stereograms were made of a wide area of the South Permian basin to gain 
a regional perspective of the upper Permain stratigraphy. Recognized as 
major structural features are the Val Verde basin, Fort Lancaster platform, 
Blackstone arch, Cerf basin, San Simon syncline, and Halfway syncline. 
Structural features were controlling factors in Permian deposition and the 
stratigraphic phenomena of the Permian basin are related directly to lateral 
gradation. Surface studies and subsurface work reveal that as a result of this 
gradation many of the various facies are time equivalents. Unconformities 
are recognized as the best time markers because of the changing facies. Surface 
trace reveals that several hundred of Word clastics grade into the Vidrio 
limestone in the northeastern Glass Mountains. Consequently, the Vidrio is 
recognized as the upper division of the Word and the Capitan formation is 
restricted to the reef facies of the Gilliam to conform with its usage in the 
Guadalupe Mountains. It is proposed to place the base of the Word at a 
conglomerate about 300 feet below the present base of the formation. 

In the Glass Mountains, evidence suggests the Whitehorse unconformity 
at the base of the Gilliam, and the unconformity at the base of the Word is 
believed to be equivalent to the unconformity at the base of the El Renos. 
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The San Andres group is believed by Lewis to be the time equivalent of the 
Word formation, the lower two divisions of the Delaware Mountain group, 
and the El Reno group, each of which is separable into upper and lower divi- 
sions over a wide area in the South Permian basin. These correlations were 
later supplemented by paleontologic information which shows that a pre- 
ponderance of evidence is accumulating that the San Andres group should 
be placed in the Guadalupe series instead of the Leonard series. 

R. T. Cox and N. B. WInTER, geologists, Atlantic Refining Company, 
Midland: Whitehorse-San Andres Contact on and adjacent to Central Basin 
Platform (abstract). 

Two types of dolomitic limestones are recognized between the basal Gray- 
burg sand and the Glorieta member, each representing a different type of 
depositional environment and separated by an unconformity. The upper beds 
are of Whitehorse age and the lower beds are equivalent to the San Andres 
formation of southeastern New Mexico. The Goldsmith formation was de- 
fined in this paper and illustrated by cross sections. - 

TAYLOR COLE, geologist, University Lands, Midland, and C. M. LINEHAN, 
geologist, Standard Oil Company of Texas, Midland: Insoluble-Residue Study 
of the Holt ‘‘Pay,” Ector County, Texas (abstract). 

The Holt “pay” was discovered in the Gulf Oil Corporation’s O. B. Holt 
No. 1 in July, 1939, and is 950 feet below the regular North Cowden pay zone. 
There has been some controversy as to the age of the Holt “‘pay.”’ Opinions 
have varied from Whitehorse to Clear Fork. It is the writers’ opinion that the 
“pay” is middle San Andres in age and is stratigraphically 200 feet below the 
McKnight ‘‘pay” of Crane County and 600 feet above the Tubb “pay” of 
Crane County. 

An interesting comparison is made of various San Andres tops from differ- 
ent companies and their relation with zones below the top of the San Andres 
are shown. It is the writers’ opinion that top of the San Andres is lower than 
most workers are picking. Three mappable chert zones are found in the San 
Andres with no appreciable chert occurring above this formation. 

Joun A. BARNETT, district engineer, United States Geological Survey, 
Roswell, New Mexico: Producing Zones of Eddy County, New Mexico (by 
title). 

W. T. SCHNEIDER, geologist, Honolulu Oil Corporation, Midland: Wasson 
Pool, Gaines and Yoakum Counties, Texas (by title). 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


Seventeen members of the Northeastern Ohio Geological Society took a 
five-day excursion through Pennsylvania and New York states over the week- 
end from July 19 to July 23. Two cross sections of the Appalachians were 
traversed; the anthracite coal fields were visited, as well as typical sections in 
New York state where many Paleozoic formations were originally named 
and described. Of great interest to the petroleum geologists were the first gas 
seepage reported in the New World at Burning Springs, near Bristol Center, 
the original Seneca Oil Spring near Cuba, New York, and the original oil 
well of Colonel Drake at Titusville, Pennsylvania. The members of the party 
wish to express their gratitude to GEorcE H. AsHLEy and RiIcHarD M. Foose, 
of the Pennsylvania Geological Survey, and C. A. HARTNAGEL, of the New 
York Survey, for working out the details of the excursion and for their kind 
assistance in conducting them through their respective states. Linn M. 
FarisH, of the Magnolia Petroleum Company, Youngstown, Ohio, is president 
of the Northeastern Ohio Geological Society. 


Continued studies in Silurian problems in southeast Missouri have been 
made possible for JoHN R. BALL, of the department of geology, Northwestern 
University, Evanston, Illinois, by an expense fund provided by H. A. BuEu- 
LER, State geologist of Missouri. Later Ball is planning to examine some of 
the Silurian in states west of the Rocky Mountains. ; 


Ira H. Cram has been appointed assistant to the chief geologist, THERON 
Wasson, of the Pure Oil Company at Chicago, Illinois. Effective September 1, 
his home address will be 560 Sheridan Road, Winnetka, Illinois. Cram has 
been with the company 16 years. He is succeeded as division geologist in the 
southwestern division at Tulsa, Oklahoma, by Myron C. Kiss. 


Gait F. Movutton, for many years on the staff of Ralph E. Davis, Inc., 
Pittsburgh and New York, has resigned and is engaged in independent con- 
sulting work. His home is at Mountain Lakes, New Jersey. 


H. G. Racearr has resigned from the Geological Survey of New South 
Wales to take up the position of assistant geological adviser to the Common- 
wealth Government of Australia. He is stationed at Canberra. 


NELson J. Rumsey, Jr., geologist with Core Laboratories, Inc., is oc- 
cupied with core analysis work in the North Texas area, having been trans- 
ferred from Houston to 1716 Eleventh Street, Wichita Falls, Texas. 


ARTHUR J. TIEJE, professor of geology at the University of Southern Cali- 
fornia, Los Angeles, has returned from Tahiti with Foraminifera collected 
from the coast there. This is of interest to others working with Foraminifera, 
because of the lack of publications on collections from that area. 


Cart B. Irwin, recently with the Lago Petroleum Corporation at Mara- 
caibo, Venezuela, may be addressed at 1819 Crockett Street, El Paso, Texas. 
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Lewis B. Kettum has changed his address from the New Zealand Petro- 
leum Company Ltd., Gisborne, New Zealand, to the Museum of Paleontology, 
Ann Arbor, Michigan. 


H. D. Hosson, formerly with the Continental Oil Company, is with the 
General Petroleum Corporation, Bakersfield, California. 


ELMER W. ELLSwortH, executive secretary of the Independent Producers 
Association of Illinois, is available for independent consulting work in geology 
and geophysics. His office is in the Wham Building, 212 East Broadway, 
Centralia, Illinois. 


R. P. McLavucuiin has resigned as general manager of the Dominguey 
Oil Fields Company and will engage in consulting work with offices at 850 
Subway Terminal Building, Los Angeles, California. 


FLoyp A. NELSON, of the geological department of the Shell Oil Company, 
Inc., at St. Louis, Missouri, has been transferred to the exploration depart- 
ment of the company at Houston, Texas. 


WatrterR H. Mappox has left New Guinea and may be addressed as fol- 
lows: Caltex (Australia) Oil Development Proprietory Limited, Box 1593- 
BB, G. P. O., Sydney, New South Wales, Australia. 


Knicut KEITH SPOONER, district geologist for the Atlantic Refining Com- 
pany, has moved from Houston, Texas, to Jackson, Mississippi. 


H. J. McCreapy is party chief of a Mott-Smith gravimeter crew. He 
may be addressed in care of T. F. Roche, Apartado Aero 32, Barranquilla, 
Colombia, S. A. 


G. E. ANDERSON, professor of geology at the University of Oklahoma, at 
Norman, died on August 31 at the age of 61 years. 


A. H. Garner, geologist and engineer, announces the removal of his 
office to the Continental Building, Dallas, Texas, on September 1. 


W. F. CutsHoiM, director of the Division of Research and Statistics of 
Louisiana Department of Conservation, New Orleans, has an article, ““The 
Man with the Hoe,” in the Spring, 1940, issue of the Louisiana Conservation 
Review, in behalf of wild life conservation. 


Joun Jay JAKosky, president of International Geophysics, Inc., of Los 
Angeles, California, has been appointed dean of the School of Engineering of 
the University of Kansas. He is the author of a new book, Exploration Geo- 
physics. 


C. WintHRoP Payne, student computer on a seismograph crew for the 
Carter Oil Company, recently moved from Warren, Ohio, to Ardmore, Okla- 
homa. 


Jerry R. Ky Le, of the Carter Oil Company, has moved from Mattoon, 
Illinois, to Tulsa, Oklahoma. 


THEODORE G. G1ass, is geologist for the Exchange Oil Company, a sub- 
sidiary of the Sinclair Prairie Oil Company, at Evansville, Indiana. 
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WarrREN H. Wynv, recently at Shawnee, Oklahoma, is district geologist 
for the Sinclair Prairie Oil Company in Ohio and western Pennsylvania. 


Loute C. Kirsy, recently paleontologist and petrographer with The Texas 
Petroleum Company at Bogota, Colombia, may be addressed at Box 523, 
Heber Springs, Arkansas. 


GEOLOGICAL SOCIETY OF AMERICA 
AUSTIN, TEXAS, DECEMBER 26-28, 1940 


The Geological Society of America will hold its fifty-third annual meet- 
ing at The University of Texas, Austin. The Society, through the office of the 
secretary, C. P. Berkey, has extended an invitation to all members of The 
American Association of Petroleum Geologists to attend this meeting. Dr. 
Berkey says in his letter of August 5 to the secretary-treasurer of the Associa- 
tion, Edgar W. Owen: 

As you may know, The Geological Society of America will holds its 53d Annual 
Meeting at Austin, Texas, December 26-28, 1940, under the auspices of The University 
of Texas. The Paleontological Society and the Mineralogical Society of America will 
hold meetings in conjunction with the Annual Meeting of the Geological Society. 

We recall that in 1931 The American Association of Petroleum Geologists held joint 
meetings with The Geological Society of America in Tulsa, and that in connection with 
our 1933 meeting, at Chicago, and the 1939 meeting, at Minneapolis, special invitation 
was given to members of the Association to join with us. This year, when we are hold- 
ing meetings in Austin, we believe that there is a signal opportunity to strengthen the 
bond of friendship and mutual interests that ties your organization to our own; and we 
would like to extend a cordial invitation to The American Association of Petroleum 
Geologists, its sections, divisions, and affiliates, with their individual members, to 
attend our meeting and take part in its functions. We hope that you and the other 
officers of the Association, together with many of your members, will attend; and if it 
should be practicable for the Association to organize a special program of scientific 
papers we will be glad to make arrangements therefor. 

If individual members of the Association wish to submit titles for the program, ab- 
stract blanks will be forwarded on request and their offerings will be considered by our 
Program Committee in the usual manner. 


The local committee at Austin is making arrangements for a large meeting 
and assure the members that the accommodations available will be sufficient 
for all who wish to come. The meetings will be held in the Union Building of 
The University of Texas which is admirably adapted to this purpose. The 
meeting is held on December 26, 27, 28. Excursions are being planned into the 
pre-Cambrian, Paleozoic, Cretaceous, and Tertiary formations within easy 
travel distance of Austin. 

In order that the several committees engaged with problems of prepara- 
tion may know how many A.A.P.G. members plan to attend, and in order 
that those planning to attend may be placed upon G.S.A. mailing lists to re- 
ceive preliminary announcements and programs, arrangements have been 
made with secretary E. W. Owen to receive word of their intentions from 
members of the Association and io relay them to the G.S.A. at is headquarters 
in New York. 
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FIELD TRIPS 


WEST TEXAS GEOLOGICAL SOCIETY, SEPTEMBER 28-29 


The fall field trip of the West Texas Geological Society wll take place in 
Eddy County, New Mexico, on the last week end in September. It will as- 
semble at the La Caverna Hotel in Carlsbad, Friday night, September 27, 
1940. 

The theme of the trip is the relation of subsurface formations to surface 
formations. On the first day, Saturday the 28th, the leaders will attempt to 
demonstrate the relations between the Yates and Tansill formations and the 
Capitan, Castile, and Salado. On the second day, Sunday, September the 
29th, the “Red sand” key-bed at the top of the Queen formation will be 
studied in both subsurface and surface; and the San Andres problem will be 
brought up. 

The road log will contain 30 pages, 2 figures, and a road map. The areal 
geology shown on the road map and numerous measured sections in the log 
have not been published elsewhere. 

The leaders will be Ronald K. DeFord, Neil H. Wills, and George D, 
Riggs. 

All reservations should be made through Georges Vorbe, Midland, Texas. 
To insure receiving the accommodations you wish, please make your reserva- 
tion now as a large attendance is expected. Road logs may be purchased in 
advance of the trip. The price of $1.50 includes registration. 


APPALACHIAN GEOLOGICAL SOCIETY, OCTOBER 4-5 


The Appalachian Geological Society will sponsor a field trip to be held in 
the Niagara Gorge area on Friday and Saturday, October 4 and 5. 

C. A. Hartnagel, assistant State geologist of New York, will be in charge. 
The purpose of the trip is an outcrop study of formations with deep producing 
possibilities in the Appalachian area. 

L. C. Snider, president of the A.A.P.G., will address a dinner meeting on 
the evening of October 4 and R. E. Sherrill, of the University of Pittsburgh, 
will talk on “Stratigraphic Traps in the Appalachian Fields.” 

Following the two-day field trip, a number of short trips will be arranged 
through producing fields for those interested in Oriskany gas or secondary re- 
covery of oil. Geologists interested in this trip are requested to send their names 
immediately to the president of the Appalachian Geological Society, J. R. 
Lockett, Ohio Fuel Gas Company, Box 117, Columbus, Ohio, who will place 
the names on a mailing list for the itinerary and other details. An indication 
of the number of persons interested is necessary to make arrangements. 
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PROFESSIONAL DIRECTORY 


Space for Professional Cards Is Reserved for 


Members of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 979, Tulsa, Oklahoma 


CALIFORNIA 


J. E. EATON 
Consulting Geologist 


2062 N. Sycamore Avenue 
LOS ANGELES, CALIFORNIA 


VERNON L. KING 
Petroleum Geologist and Engineer 


401 Hass Building 


Los ANGELES, CALIFORNIA 


PAUL P. GOUDKOFF 
Geologist 


Geologic Correlation by Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
Los ANGELES, CALIFORNIA 


CHAS. GILL MORGAN 


United Geophysical Company 


Pasadena 


California 


R. L, TRIPLETT 
Contract Core Drilling 


2013 West View St. 
ANGELES, CALIF, 


WHitney 9876 


R. W. SHERMAN 
Consulting Geologist 
Security Title Insurance Building 


530 West Sixth St. 
Los ANGELES 
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COLORADO 


IOWA 


HEILAND RESEARCH CORPORATION 
Registered Geophysical Engineers 


— Instruments — 
— Surveys — I 


C. A. 
President 


Club Bldg. 
Bio, 


ALLEN C. TESTER 
Geologist 


State University 
of Iowa, Iowa City 


ILLINOIS 
ELMER W. ELLSWORTH L. A. MYLIUS 
Consulting Geologist Geologist-Engineer 
Wham Building 
212 East Broadway 
CENTRALIA, ILLINOIS Box 264 
KANSAS 


MARVIN LEE 


Consulting Petroleum Geologist 
1109 Bitting Building 
WicHITa, KANsAs 
Office 3-8941 Residence: 4-4873 
GEOLOGY AND PRODUCTION PROBLEMS OF 

OIL AND GAS IN THE UNITED STATES 
Formerly Technical Adviser to State Corporation 
Commission. Official mail should be addressed to 
the Commission. 


L. C. MORGAN 
Petroleum Engineer and Geologist 


Specializing in Acid-Treating Problems 


207 Ellis-Singleton Building 
WicHiTa, KANsas 


LOUISIANA 


MISSISSIPPI 


WILLIAM M. BARRET, INC. 
Consulting Geopbhysicists 
Specializing in Magnetic Surveys 


Giddens-Lane Building SHRevEPorT, La. 


Frank ROPER 
ROPER & TODD 


Joun D. Topp 


Consulting Geologists 


$27 Esperson Bldg. 


1002 Tower Bldg. 
Houston, Texas 


Jackson, Miss. 


NEW 


YORK 


FREDERICK G. CLAPP 
Consulting Geologist 


BROKAW, DIXON & McKEE 
Geologists Engineers 
OIL—NATURAL GAS 


50 Church Examinations, Reports, Appraisals 
120 Broad Gulf Buildi 
NEW YORK 120 Brosdway ng 
OHIO 
JOHN L. RICH 
Geologist 


Specializing in extension of ‘‘shoestring’’ pools 
University of Cincinnati 
Cincinnati, Ohio 
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OKLAHOMA 
GINTER LABORATORY 
Geologist Permeability 
McBi Bl Bo: 
"TULSA. DALLAS, TEX. R. L. GINTER Reserees 
Owner 118 West Cameron, Tulsa 
GEOCHEMICAL SERVICE CORP. R. W. Laughlin L. D. Simmons 


GEOLOGIC STANDARDS COMPANY 
Soil Analysis—Core Analysis 


JOHN W. MERRITT 
321 South Detroit, Tulsa, Oklahoma 


WELL ELEVATIONS 


LAUGHLIN-SIMMONS & CO. 
615 Oklahoma Building 
TULSA OKLAHOMA 


A. I. LEVORSEN 
Petroleum Geologist 


221 Woodward Boulevard 
TULSA OKLAHOMA 


G. H. WESTBY 
Geologist and Geophysiciss 
Seismograph Service Corporation 


Kennedy Building Tulsa, Oklahoma 


PENNSYLVANIA 


HUNTLEY & HUNTLEY 
Petroleum Geologists 
and Engineers 


L. G. 
J. R. Wri, Jr. 
Grant Building, Pittsburgh, Pa. 


TEXAS 


JOSEPH L. ADLER 
Geologist and Geopbhysicist 


Consultant and Contractor in Geological and 
Geophysical Exploration 


2011 Esperson Bldg. 
HOUSTON, TEXAS 


MID-CONTINENT TORSION BALANCE SURVEYS 
SEISMIC AND GRAVITY INTERPRETATIONS 
KLAUS EXPLORATION COMPANY 
H. KLAUS 
Geologist and Geophysicist 


115 South Jackson 2223 15th Street 
Enid, Oklahoma Lubbock, Texas 
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A. H. GARNER 
Geologist 


PETROLEUM 
NATURAL GAS 


Continental Building 
Dallas, Texas 


Engineer 


D’ARCY M. CASHIN 
Geologist 


Specialist, Gulf Coast Salt Domes 


Examinations, Reports, Appraisals 
Estimates of Reserves 


705 Nat'l. Standard Bldg. 
HOUSTON, TEXAS 


Engineer 


E. DEGOLYER 
Geologist 
Esperson Building 
Houston, Texas 
Continental Building 
Dallas, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 


DAVID DONOGHUE 
Consulting Geologist 


Appraisals - Evidence - Statistics 


F. B. Porter R. H. Fash 
President Vice- President 
THE FORT WORTH 
LABORATORIES 


Analyses of Brines, Minerals, Oil, Inter- 
of Water Field Gas Testing. 


8284, Monroe Street. FORT WORTH, TEXAS 
Long Distance 138 
J. S. HupNati G. W. Pirtiz 


HUDNALL & PIRTLE 


Petroleum Geologists 


JOHN S. IVY 
Geologist 


921 Rusk Building, HOUSTON, TEXAS 


Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 
W. P. JENNY 
Geologist and Geophysicist 
Gravimetric Seismic Geologist 
Magnetic Electric 


Surveys and Interpretations 
907 Sterling Bldg. HOUSTON, TEXAS 


Gulf Bldg. HOUSTON, TEXAS 


DABNEY E. PETTY 
315 Sixth Street 
SAN ANTONIO, TEXAS 


No Commercial Work Undertaken 


E. E. ROSAIRE 
SUBTERREX 
BY 
Geophysics and Geochemistry 


Esperson Building Houston, Texas 
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xiii 


A. T. SCHWENNESEN 
Geologist 


926 Shell Building 


HOUSTON TEXAS 


ROBERT H. DURWARD 
Geologist 


Specializing in use of the magnetometer 
and its interpretations 
1431 W. Rosewood Ave. San Antonio, Texas 


W. G. Savitte J. P. SCHUMACHER A. C. PAGAN 
GRAVITY METER EXPLORATION CO. 
TORSION BALANCE EXPLORATION 
co. 


Gravity Surveys 
Domestic and Foreign 
830-2 SHELL BLDG. HOUSTON, TEX. 


ROBERT H. RAY 
ROBERT H. RAY, INC. 


Geophysical Engineering 
Gravity Surveys and Interpretations 


Gulf Bldg. Houston, Texas 


CUMMINS & BERGER 
Consultants 
Specializing in Valuations 
Texas & New Mexico 
1601-3 Trinity Bldg. Ralph H. Cummins 


WM. C. McGLOTHLIN 
Petroleum Geologist and Engineer 


Examinations, Reports, Appraisals 
Estimates of Reserves 


Geophysical Explorations 


ee ae Walter R. Berger 806 State Nat'l. Bank Bldg., CORSICANA, TEXAS 
JOHN D. MARR F. F. REYNOLDS 
Geophysicist 


Geologist and Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


WEST VIRGINIA 


WYOMING 


DAVID B. REGER 
Consulting Geologist 


217 High Street 
MORGANTOWN WEST VIRGINIA 


E. W. KRAMPERT 
Geologist 


P.O. Box 1106 
CASPER, WYOMING 


; 
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DIRECTORY OF 
GEOLOGICAL AND GEOPHYSICAL 
SOCIETIES 


For Space Apply to A.A.P.G. Headquarters 
Box 979, Tulsa, Oklahoma 


COLORADO 


ILLINOIS 


ROCKY MOUNTAIN 
ASSOCIATION OF PETROLEUM 
GEOLOGISTS. 
DENVER, COLORADO 


President - - - - - += + Harold N. Hickey 
810 U. S. National Bank Building 

1st Vice-President - - - - + E. H. Stevens 
Colorado School of Mines, Golden 

2nd Vice-President- - - - « « inetta Davis 

224 U. S. Customs Building 

Secretary-Treasurer - - - + + Dart Wantland 

927 Humboldt Street 


Dinner meetings, first and third Mondays of each 
month, 6:15 P.mM., Auditorium Hotel. 


ILLINOIS 
GEOLOGICAL SOCIETY 


President - - + + = + Melville W. Fuller 
Carter Oil Company, Mattoon, Box 568 


Vice-President - - - + + Maxwell B. Miller 
The Texas Company, Mattoon 


Secretary-Treasurer - - + James G. Mitchell 
The Pure Oil Company, Clay City 


Meetings will be announced. 


KANSAS LOUISIANA 
KANSAS THE SHREVEPORT 
GEOLOGICAL SOCIETY 

WICHITA, KANSAS GEOLOGICAL SOCIETY 

President - - - - + + Anthony Folger SHREVEPORT, LOUISIANA 
Vice-P Petroleum . BF Miller 
Oliphant Oil Corp., 911 Commercial Bank Bldg. 
Secretary-Treasurer - Lee H. Cornell Vice-President» - + + + J.D. Aimer 

Arkansas Fuel Oil Company 


Stanolind Oil and Gas Compan 
Manager of Well Log Bureau - Harvel E. White 


Regular 7:30 P.m., Allis Hotel, 


Secretary-Treasurer - - + Weldon E, Cartwright 
Tide Water Associated Oil Company 
Historian - Anna Minkofsky, Shell Oil Co., Inc. 


Meets the first Friday of agg | month, 7:30 P.M., 
Civil Courts Room, Caddo Parish Court House. 


Special dinner meetings by announcement. 


of month. Visitors cordially wel- 
comed. 
The Society sponsors the Kansas Well B 
which is at 412 Union Bank 
Building. 
MICHIGAN 
MICHIGAN 


GEOLOGICAL SOCIETY 


Michigan Elevation Service, Box 192, Mt. boca 


Vice-President - - - - « 
Mt. Pleasant 
Secretary-Treasurer - - C. H. Ri 
Michigan Geological Survey 
21 Sheldon, N.E., Grand Rapids 
Business Manager - - - - G. Bergquist 
Michigan State College, East a 
Meetings: Monthly dinner meetings rotating be- 
mal dress. 


W. F. Brown 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 


LAKE CHARLES, LOUISIANA 


H. V. Tygrett 


Atlantic Refining Company 


Vice-President - - - - - + Coe Mills 
Ohio Oil Company, Lafayette, Louisiana — 
Secretary - - - - + - + E, M. Baysinger 

Box 210 
Treasurer- - - + Baker Hoskins 


Shell Oil Company, Inc., Box 598 
Meetings: Luncheon 1st Wednesday at Noon 
(12:00) and business meeting third Tuesday of each 
month at 7.00 P.M. at the Majestic Hotel. Visiting 
geologists are welcome. 
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MISSISSIPPI OKLAHOMA 
MISSISSIPPI ARDMORE 


GEOLOGICAL SOCIETY 
JACKSON, MISSISSIPPI 


President - Henry N. Toler 
Southern Natural Gas ‘Company, Box 2563 
Vice-President -~ - Urban B. Hughes 

Consulting Geologist 
Secretar: - - + Tom McGlothlin 
Refining Company, Box 1105 


and third Wednesdays of each 
month, from October to May, inclusive, at 7:30 
P.M., Edwards Hotel, Jackson, Mississippi. Visiting 
geologists welcome to all meetings. 


GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 


President - - W. Morris Guthrey 
The Texas Company, Box 539 
Vice-President - - + Paul L. Bartram 
Phillips Petroleum Company 


Secretary-Treasurer - Tom L. Coleman 
U.S S. Geological Survey, Box 719 


Meetin Sap Tuesday of each month, from Octo- 
ber to » inclusive, at 7:30 P.M., Dornick Hills 
Country Club. 


OKLAHOMA 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


President - Albert S. Clinkscales 
Consulting Geologist, 


Vice-President - Clyde Dorr 
Hall-Briscoe, Inc., 2118 First National 


Treasurer-_- Mabry Hoover 
Empire Oil & Refg. eiudiake Box 4577 


ing fe Ninth Floor, Commerce Build- 

echnical Program, second Monday, each 

math , 8:00 P.M.; Luncheons, every Monday, 
P.M. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


President - - J. Lawrence Muir 
Amerada Petroleum Corporation, Box 896 


- M. C. Roberts 


Vice-President 
e Texas Company 


Secretary-Treasurer - _- F. Spencer Withers 
Atlantic Refining Company 


Meets the fourth er sang | of each month at 8:00 
— at the Aldridge Hotel. Visiting geologists 
welcome. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 
TULSA, OKLAHOMA 


President - - - Jerry E. Upp 
Amerada Petroleum Corporation, a4 2040 
Vice-President - - - - Wendell S. Johns 


The Texas Company 


Secretary-Treasurer - - - L. Swabb 
Sun Oil Company, Box 1348 


Meetings: Second and fourth Wednesdays, each 
month, from October to May, inclusive, at 8:00 
P.M. 


TULSA GEOLOGICAL SOCIETY 
TULSA, OKLAH 


President - - L. Borden 

The Pure Oil Company, ox 271 

Ist Vice-President - - n G. Bartram 
Stanolind Oil and Gas eth 

2nd ne - - + + = Ronald J. Cullen 

Sun Oil Company 
Secretary- L. M. Wilshire 
elly Oil Company, Box 1650 

Editor- - - John “a Ferguson 
Amerada Petroleum — 

Associate Editor- - - - - - Hiram J. Tandy 


Rou 
Meetings: First and third each 
from October to May, inclusive, at 8:00 P.M., 
University of Tulsa, Kendall Hall 
Luncheons: Every Thursday (October-May), Mich- 
aelis Cafeteria, 507 South Boulder Avenue. 


TEXAS 
DALLAS EA TEXA EOLOGICAL 
DALLAS, TEXAS TYLER, TEXAS 
President - W. Clawson x) 


Magnolia Petroleum. Box 900 


Vice-President- - - Lewis W. MacNaughton 
DeGolyer, and McGhee 


Secretary- D. M. 
Sun Oil Company, Box 288 


Executive Committee- - Paul W. 
Meeti Regular luncheons, first Monday of each 
a Jeum Club, Special night 


month, 12:15 noon, Petroleum 
meetings by announcement. 


Pure Oil Company — 
Vice-President - - + Frank R. Denton 
Stanolind Oil and Gas Company 


Secretary-Treasurer - - + + + C. I. Alexander 
agnolia Petroleum Company, Box 780 


Meetings: Monthly and by call. 
Luncheons: Every Monday at 12:00 noon, Black- 
stone Hotel. 
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TEXAS 
FORT WORTH HOUSTON 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS ‘ HOUSTON, TEXAS ™ 
resident - - - Wallace C. son 
President - S. Powell General Crude Oil Company, Box 2252 
The Texas Company, Box 1 Vice-President - - - + Carleton D. Speed, Jr. 
Vice-President - - - - Louis H. ie. S Oil Company 
218 
Secretary-Treasurer- + » Vernon Lipscomb ing 
Treasurer - - - - A. P. Allison 
The Pure Oil Company, Box 2107 Sun Oil ‘Company, Box 2659 
Meetings: Luncheon at noon, Worth Hotel, every ve meeting held every Thursday at noon (12 
Monday. ial meetings call by executive com- ‘ded k) above Kelly’s Restaurant, 910 Texas Ave- 


mittee. Visiting geologists are welcome to all 
meetings. 


ony For an iculars pertaining to the meeti 


NORTH TEXAS 
GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS 
President P. M. Martin 
Continental “Oil Company, Box 1800 


Vice-President - - + - L. Edwin Patterson 
Cities Service Oil Company 


Secretary-Treasurer - - - R. E. McPhail 
Phillips Petroleum Company 


Luncheons and evening programs will be an- 
nounced. 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 
SAN ANTONIO CHRISTI 


- - - - Fred P. Shayes 
United Gas “Company, Beeville 
Vice-President - - Gentry Kidd 


Stanolind Oil and Gas s Company, San Antonio 


Secretary-Treasurer + - Robert N. Kolm 
1742 Milam Building, San Antonio 
Executive Committee- - - - + +L. W. Storm 


Meetings: Third weary vl each month alternately 
in San Antonio and us Christi. Luncheon 
every Monday noon at St am Cafeteria, San An- 
tonio, and at Plaza Hotel, Corpus Christi. 


SOUTHWESTERN GEOLOGICAL 
SOCIETY 


AUSTIN, TEXAS 


President - - - - H. B. Stenzel 
Bureau of Economic "Geology 


Vice-President - William A. Bramlette 
niv. Texas, Dept. of Geology 


Secretary-Treasurer - - - - Travis Parker 
Univ. Texas, Dept. of Geology 


Meetings: “9 | third Friday at 8:00 p.m. at the 
University Texas, Geology Building 14. 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 


President. - Emery Adams 


Standard Oil “Company of exas, Box 1660 


Vice-President - Dana M. Secor 
Skelly “Oil 


Secretary-Treasurer + - F. Kotyza 
Tide Water Associated Oil ieee Box 181 


Meetings will be announced 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


CHARLESTON, WEST VIRGINIA 
P.O. Box 1435 

President - R. Lockett 

Ohio Fuel Gas Ca. Box 117, Golam us, Ohio 
Vice-President - harles Brewer, 
Godfrey L. Cabot, Inc., , Box 348, “Ties W. 
Secretary- Treasurer - Thurman H. Myers 

Carnegie Natural Gas Co., Pittsburgh, Pa. 
Editor - Robert C. Lafferty 

‘Owens, Libbey- [Owens Gas Department 
Box 1375, Charleston, W.Va. 

Meetings: Second Monday, each month, ex - 
and August, at 6:30 P.M., Kanaw’ 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 


President - - T. Born 
Geophvsical Research Co oration 
Box 2040, Tulsa, Oklaho 
Vice-President - - H. Peacock 
Geophysical Service, “Inc., “Houston, Texas 
Editor - - - R. D. Wyckoff 
Gulf Research and “Development Company 
Pittsburgh, Pennsylvania 
- + + + Andrew Gilmour 
Amerada Petroleum Corporation 
Box 2040, Tulsa, 
Past-President - - - - + + E. A. Eckhardt 
ulf Research and Development Company 
Pittsburgh, Pennsylvania 
Business i er - - J. F. Gallie 
. Box 777, Austin, “Texas 
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TRIANGLE BLUE PRINT & SUPPLY COMPANY 


Representing 
W. & L. E. Gurley 
Spencer Lens 


American Paulin 


Complete Reproduction Plant 
Instruments Repaired 


12 West Fourth Street, Tulsa, Oklahoma 


TECTONIC MAP OF SOUTHERN CALIFORNIA 
By R. D. anp J. S. 


In 10 colors. From “Structural Evolution of Southern California,” BULL. A.A.P.G. (Dec., 1936). 
Scale, % inch = 1 mile. Map and 4 structure sections on strong ledger paper, 27 x 31 inches, rolled in 


tube, postpaid, $0.50. 


The American Association of Petroleum Geologists, Box 979, Tulsa, Oklahoma 


REVUE DE GEOLOGIE 


et des Sciences connexes 


RASSEGNA DI GEOLOGIA 
e delle Scienze affini 


REVIEW OF GEOLOGY 
and Connected Sciences 


RUNDSCHAU FUR GEOLOGIE 


und verwandte Wissenschaften 


Abstract journal published monthly with the codperation of the FONDATION UNIVERSITAIRE DE 
BELGIQUE and under the auspices of the SOCIETE GEOLOGIQUE DE BELGIQUE with the collabora- 
tior of several scientific institutions, geological surveys, and correspondents in all countries of the world. 


GENERAL OFFICE, Revue de Géologie, Institut de Géologie, Université de Liége, Belgium. 
TREASURER, Revue de Géologie, 35, Rue de Armuriers, Liége, Belgium. 


Subscription, Vol. XX (1940), 36 belgas 


Sample Copy Sent on Request 


The Annotated 


Bibliography of Economic Geology 
Vol. XII, No. | 


Now Ready 


Orders are now being taken for the 
entire volume at $5.00 or for individual 
numbers at $3.00 each. Volumes I-X can 
still be obtained at $5.00 each. 


The number of entries in Vol. XI is 
2,247. 


Of these, 529 refer to petroleum, gas, 
etc, and geophysics. They cover the 
world. 


If you wish future numbers sent you 
promptly, kindly give us a continuing 
order, 


An Index of the 10 volumes was issued in 
May, 1939. Price: $5.00 


Economic Geology Publishing Co. 
Urbana, Illinois, U.S.A. 


For 
SEISMOGRAPH RECORDS 


EASTMAN RECORDING 
PAPERS 
PREPARED DEVELOPER 
AND FIXING POWDERS 


Supplied by 


EASTMAN KODAK STORES, INC. 


1010 Walnut Street 1504 Young Street 
Kansas City, Mo. Dallas, Texas 
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FIRST IN OIL 
1895 — 1940 


THE 


‘S) FIRST NATIONAL BANK AND TRUST COMPANY 
_ OF TULSA 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


1702 Tower Petroleum Building 
Telephone LD 711 Dallas, Texas 


Geology of North America 


Edited by Prof. Dr. Rudolf Ruedemann and Prof. Dr. Robert Balk 
Volume I (In English) Introductory Chapters, and Geology of the Stable Areas 


Table of Contents: 

The Physiography of North America, by J HARLEN Bretz 

General Geology of North America, by RupoLF RUEDEMANN 

The Greater Structural Features of North America: The Geosynclines, Borderlands, 
and Geanticlines, by CHARLES SCHUCHERT 

General Paleogeography of North America, by RupoLF RUEDEMANN 

Climates of the Past in North America, by RupoLF RuEDEMANN 

Geology of Greenland, by Curt TEICHERT 

Geology of the Arctic Archipelago and the Interior Plains of Canada, by E. M. KinpLe 

The Canadian Shield, by Mortey E. WiLson 

The Appalachian Plateau and Mississippi Valley, by CHARLEs Butts 

Geology of the Southern Central Lowlands and Ouachita Province, by PAUL RUEDEMANN 

The | ene and Gulf Coastal Plain, by L. W. STEPHENsoN, C. W. CookeE, and JULIA 

ARDNER 

Canadian Extension of the Interior Basin of the United States, by T. H. Crarx, G. M. 

Kay, E. R. Cumrines, A. S. WarTHIN, JR, and G. S. HuME 


With 14 Plates and 53 Text Figures (X and 643 Pages) 1939 
Price, bound, RM 16.— 
Published by 
Gebriider Borntraeger in Berlin (Germany) 


} 
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INDEPENDENT 


ESPERSON BLDG. 


HOUSTON. TEXAS... | 
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PRACTICAL PETROLEUM 
ENGINEERS’ HANDBOOK 


BY JOSEPH ZABA, E.M.M.Sc. 
Petroleum Engineer, Rio Bravo Oil Company 


and 


W. T. DOHERTY 
Division Superintendent, Humble Oil & Refining Company 


For a number of years there has been a growing demand for a handbook containing formulae 
and other practical information for the benefit of the man working in the production and drilling 
branches of the oil industry. So great has been this need that many engineers have tried to ac- 
cumulate their own handbooks by clipping tables, formulae and fig from scores of sources. 


The co-authors of this volume discovered by coincidence that each had been for a period 
of several years accumulating practical data which through their collaboration appears in this 
book. Both of them are men who have not only received theoretical training but who have had 
many years of practical experience as engineers in dealing with every day oil field drilling and 
production problems. 


As a result of this collaboration of effort the publishers of this volume feel that it is a most 
valuable contribution to oil trade literature. 


Its purposes are distinctly practical. The tables, formulae, and fig shown are practical 
tather than theoretical in nature. It should save the time of many a busy operator, engineer, 
superintendent, and foreman. 


TABLE OF CONTENTS 


Chapter |—General Engineering Date Chapter V—Drilling 
Chapter !l—Steam Chapter VI—Production 
Chapter !!!—Power Transmission Chapter Vil—Transportation 
Chapter !V—Tubular Goods 


Semi-Flexible Fabrikoid Binding, Size 6 x 9, 408 pages—Price $5.00 Postpaid 
Send check to 


THE GULF PUBLISHING COMPANY 
P. O. Drawer 2811 Houston, Texas 
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A National Research Council—A.A.P.G. Book 


RECENT 
MARINE SEDIMENTS 


PARKER D. TRASK, Editor, U. S. Geological Survey, Washington, D.C. 


A SYMPOSIUM OF 34 PAPERS BY 31 AUTHORS 


Prepared under the direction of a Subcommittee of the Committee on Sedimentation of the 
Division of Geology and Geography of the National Research Council, Washington, D.C.: 
Cari W. Correns, Stina GRIPENBERG, W. C. KRuMBEIN, PH. H. KuENEN, Otro PRATJE, ROGER 
REVELLE, F. P. SHEPARD, H. C. STETsoN, PARKER D. Trask, CHAIRMAN. 


Members of Committee on Sedimentation: 
Exiot BLACKWELDER, M. N. BRAMLETTE, Cart B. Brown, M. I. GotpmMan, M. M. LeicuTon, 
H. B. Mixer, F. J. Pettryoun, R. Dana Russe tt, F. P. SHEPARD, H. C. Stetson, W. A. 
Tarr, A. C. Tester, A. C. TRowsripce, W. H. TWweNHOFEL, T. WAYLAND VaucuHaAN, C. K. 
WENTWORTH, PARKER D. Trask, CHAIRMAN 


This book is on the topic of Sedimentation and Environment of Deposition recently voted No. 
1 in geological research of most importance to the progress of petroleum geology,—in a poll 
of the 3,000 A.A.P.G. members and associates, conducted by the Research Committee. Through- 
out the book, the basic data—observational facts—are emphasized rather than speculative 
inferences. 


“This work on the recent marine sediments will be of great value to students of sediments, 
to classes concerned with studies of sediments, and to geologists concerned with mineral deposits 
in the sedimentary rocks, particularly the deposits of mineral fuels. The Subcommittee is to be 
congratulated on completion of the work.”—W. H. Twenhofel, University of Wisconsin. 


“The story of earth’s immediate yesterdays is written in deposits as yet unconsolidated, or 
but little consolidated. Geologists are becoming increasingly aware of their importance, but 
have needed more well-collated information than has been readily available. This book will 
do much to remedy the lack.”—Science News Letter (November 4, 1939). 


“Recent Marine Sediments is a valuable and helpful addition to geologic literature and should 
serve as a useful supplement to the Treatise on Sedimentation.”—Edwin D. McKee in Economic 
Geology (January-February, 1940). 


736 pages; 139 figures 


* Bibliographies of 1,000 titles; 72 pages of author, citation, and subject index 
® Bound in blue cloth; gold stamped; paper jacket; 6x9 inches 


PRICE: $5.00, POSTPAID 


($4.00 TO A.A.P.G. MEMBERS AND ASSOCIATE MEMBERS, 
LIBRARIES, AND COLLEGES) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
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GOING SERVICE 
HE RE fast 


—is as accurate 
—is as economical 
—or as SAFE as 


LANE-WELLS 


wo 


Judge logging service on 
these four points—speed, ac- 
curacy, economy and safety 
and you'll understand why 


more and more oil well op- 

erators insist on Lane-Wells ELECTRICAL OPEN HOLE LOGGING - OIL WELL SURVEYING 
- GUN PERFORATING - PACKERS - LINER HANGERS - BRIDGING 

Electrolog. PLUGS 


LANE-WELLS EVERYWHERE 


BODO FEET OF | a wa 
PIPE HAS A SU ARE 


OF 10,472 SQ) 
FRICTION On 


When straight AQUAGEL and water mud is used, or when AQUAGEL 
is added to a native mud, all moving parts of the drilling equipment 
which come into contact with the mud are covered with a lubricating 
gel which reduces friction. For example, the entire surface area of the 
drill pipe (with ordinary muds the source of excessive friction and con- 
sequent high power costs) is completely lubricated. Less power is need- 
ed and danger of stuck pipe is minimized. 

§ AQUAGEL in drilling mud also helps reduce abrasion by surround- 
ing all sand and grit with an envelope of lubricating ge! which also 
helps prevent corrosion by covering all exposed metal parts with an 
inert colloidal film. In many cases, the saving in pump part replace- 
ments alone pays for the AQUAGEL used. 


4 
BAROID SALES OFFICES 105 ANGELES - TULSA - HOUSTON 


wey 
POWER (OSTS UNLESS 
REDUCED BY GEL 
vi | 
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Z \ | GIVE ROLLER BEARING ACTION TO YOUR DRILL PIPE 
BARGILD SALES DWISION 


What de wantina 


GEOPHYSICAL SERVICE? 


R E $ E A R ¢C H ? WESTERN GEOPHYSICAL COMPANY maintains the most mod- 


ernly-equipped and complete geophysical research labora- 


tory of its kind in the world, employing 42 trained technicians. 


E Q U l P M E N T ? WESTERN designs and manufactures in its own shops all types 
of geophysical instruments and equipment, including both 


large and small drilling units, used by its field crews. 


E X P E R i E N t E ? | WESTERN draws from the combined experience of twenty ac- 
tive field crews, engaged in geophysical exploration in diverse 


localities, who are solving all types of geophysical problems. 


A C M ] EVE M E N T ? WESTERN is proud of the many oil fields which it has dis- 


covered for its clients in both California and Mid-Continent 
areas. It feels, however, that credit for these discoveries 
should be given to the excellent geological staffs of its clients 
under whose direction the various crews operated. It claims 
sole credit, however, for the accuracy of its results which are 


attested by every one of its clients without exception. 


Because WESTERN GEOPHYSICAL COMPANY has complete 
research facilities...equipment...experience...personnel... 
4 and has an outstanding record for successful results, it meets 
every requirement of operators desiring a complete and highly 
advanced geophysical service. y¢ Trained and experienced 
field crews are available for geophysical prospecting any- 


where in the United States or abroad. Your inquiries invited. 


WESTERN GEOPHYSICAL COMPANY 


HENRY SALVATORI, PRESIDENT 

MAIN OFFICE; EDISON BLDG., LOS ANGELES, CALIF, 

MID-CONTINENT OFFICE; PHILCADE BLDG., TULSA, OKLA. 
CABLE ADDRESS “WESGECO” 
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GULF COAST OIL FIELDS 


FIFTY-TWO AUTHORS 


Forty-Four Papers Reprinted from the Bulletin of The American Association of 
Petroleum Geologists with a Foreword by Donald C. Barton 


EDITED BY 
DONALD C. BARTON 
Humble Oil and Refining Company 
AND 
GEORGE SAWTEILLE 
Kirby Petroleum Company 


THE INFORMATION IN THIS BOOK IS A GUIDE FOR FUTURE DISCOVERY 


@ 1,084 pages, 292 line drawings, 19 half-tone plates 
@ Bound in blue cloth; gold stamped; paper jacket; 6x9 inches 


PRICE: $4.00, EXPRESS OR POSTAGE PREE 
($3.00 to A.A.P.G. bers and ) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 


GEOLOGY OF THE 
TAMPICO REGION, MEXICO 


By JOHN M. MUIR 


PART I. INTRODUCTORY. cy cepegrs raphy. Drainage. (Pages 1-6.) 
PART II. STRATIGRAPHY AND OGRAPHY., Palaeozoic. Mesozoic. Tertiary. 


PART III. {GNedus ROCKS AND SEEPAGES. farbe®. Oil. Gas. (143-158.) 

PART IV. GENERAL STRUCTURE AND STRUC E OF OIL FIELDS. Northern Fields 
and Southern Fields: Introduction, Factors Governing Porosity, Review of Pre- 
Features, Description of Each Pool and ield, Natural Gas, 

ht-Oil Occurrences. (159-225 

APPENDIX. bit Temperatures. Salt- Water Temperatures. Well Pressures. Stripping Wells. 

ag | and Acid acre] Stratigraphical Data in Miscellaneous Areas. List of 


t Taneoco. 
BIBLIOGRAPHY 237.247) LIST OF OF EFERENCE MAPS (248). GAZETTEER (249-250). 


® 280 pages, including bibliography and index 

© 15 half-tones, 41 line drawings, including 5 maps in pocket 
@ 212 references in bibliography 

®@ Bound in blue cloth; gold stamped; paper jacket. 6 x 9 inches 


$4.50, post free 
$3.50 to A.A.P.G. and iat 


The American Association of Petroleum Geologists 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
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JOURNAL OF 
PALEONTOLOGY 


Six numbers constitute the volume for 
1940. The only American journal de- 
voted to this field. Subscription: $6.00 
per year. 


JOURNAL OF 
SEDIMENTARY 
PETROLOGY 


Three numbers constitute the volume 
for 1940. Subscription: $3.00. These 
publications of the Society of Economic 
Paleontologists and Mineralogists 
should be in the library of all working 
geologists. Write S.E.P.M., Box 979, 
Tulsa, Oklahoma. 


Volume V, Number 3, of 


GEOPHYSICS 
for July, 1940 


Partnership Between Geology and Geophysics in 
Prospecting for Oil ..........2+ E. A. Eckhardt 
The History and Development * “sei Pros- 
DORE B. Weatherby 
A Brief History of the Gravity Method of Pros- 
pecting for . A, Eckhardt 
Typical Electrical Prospecting ‘ijeas W. M. Rust 
Fifteen Years of Geophysics: A Chapter in the 
Exploration of the United States and Canada 
James B. Macelwane, S.J. 


A Perspective of Exploration for Petroleum ...... 


Some Neglected pe of Chemical Prospecting 
R. T. Sanderson 

Formulas Curves for the of Cer- 
tain Two-Dimensional Magnetic and Gravita- 
tional Anomalies H. H. Pentz 


A cumulative index of Society publications from 
1931 through 1939 has been prepared oe is bein, 
mailed out with the July issue of GEOPHYSICS. 
Additional copies are available to those who are 
interested in completing their libraries of Society 


Journals, and may be obtained by addressing 


The Society of Exploration 
Geophysicists 
Box 777, Austin, Texas 


KIN 


“MICHIGAN” BABBITT TAPES 


Ideal for heavy duty, the line being 

prominently marked and _ tough, 

The reel also extra sturdy. We of- 

fer also Gaging, Strapping and 

‘“Derrick”’ Tapes in Chrome Face 

as well as “Nubian” Finish. 
Write for Free Catalog 


THE [UFKIN (0. 


SAGINAW, MICHIGAN New York City 


MIOCENE STRATIGRAPHY OF CALIFORNIA 
By Robert M. Kleinpell 


450 pages; 14 line drawings, including a large correlation chart in pocket; 22 full- 
tone plates of Foraminifera; 18 tables (check lists, and a range chart of 15 pages). 
Bound in blue cloth; gold stamped ; paper jacket: 6 x 9 inches. 


PRICE: $5.00, POSTPAID 
($4.50 TO A.A.P.G. MEMBERS AND ASSOCIATES) 


The American Association of Petroleum Geologists 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
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FIRST LINE OF DEFENSE AGAINST DEPLETION OF PETROLEUM RESERVES! 


“BR” WIRE LINE 4 
KOR-KING 
(CONVENTIONAL) 


HIGHER PERCE 


REED OFFERS A 
OMPLETE CORING SERVICE 
REED ROLLER BIT COMPANY 


HOUSTON, TEXAS 
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PRICE LIST OF PUBLICATIONS 


THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


Box 979, Tulsa, Oklahoma 


The Bulletin of The American Association of Petroleum Geologists, the official monthly publication 
of the largest organized body of geologists in the world, occupies a pre-eminent position as an authority 
in the field of petroleum geology. It contains illustrated articles, notes, discussions, and reviews. Annual 
subscription, $15.00 (outside United States, $15.40). The contents of Vols. I-XX (1917-1936) are in- 
dexed in detail in the Comprehensive Index of all A.A.P.G. publications (1917-1936), price, $3.00. 


* Exhausted. f Only with purchase of full set. (  ) Prices to paid-up members and associates. 


BULLETINS (1917-1936). SEE COMPREHENSIVE INDEX FOR CONTENTS 
*1917 VOL. I—159 pp. *1918 VOL. II —176 pp. *1919 VOL. III.—445 pp. *1920 VOL. IV.—338 pp. 


1921 VOL. V.—724 pp. 6.75 x 10.25 in. 6 Nos. Paper. Each (except NO. 2, $3.50)......... $2.00 
*NO. 1 
{NOS. 1, 2 
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TNOS. 2-4, 6 
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1925 VOL. IX.—1,319 pp. 6.75 x 9.5 in. 9 Nos. Paper. Each.................00005 ($1.00) 1.50 
*NOS. 1-3,5 {NOS. 4, 6 : 
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WHOLE VOLUME. Bound in twoiparts. Cloth... ($5.00) 17.00 
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WHOLE VOLUME. Bound in two parts: Cloth. ($5.00) 17.00 
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1930 VOL. XIV.—1,610 pp. 12 Nos. Paper. Each................ccsecceseevceees ($1.00) 1.50 
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WHOLE VOLUME. Bound'in two parts: Cloth... ($5.00) 17.00 
1932 VOU; XVE-—1,378 pp. 12 Nos. Paper: Each... ($1.00) 1.50 
1933 VOL pp. 12 Nos. Paper. Each... ees ($1.00) 1.50 
*NOS. 5, 7. {NOS. 6, 8-12 
1934 VOL. pp. 12 Nos: Paper. Each... ($1.00) 1.50 
{WHOLE VOLUME, Bound in two parts, Cloth. ($4.00) 17.00 
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BULLETINS (1937-1940) SINCE PUBLICATION OF COMPREHENSIVE INDEX 


VOL. pp. 12 Nos. Paper: Tach. ($1.00) 
WHOLE VOLUME. Bownd in two parts: CIO. ($4.00) 


{NO. 1—148 pp. ARKANSAS: Sandstone porosities in Paleozoic. BRAZIL: Jurud 
River. KANSAS: Bartlesville and Burbank shoestring sands. MISSISSIPPI: Jackson 
Eocene micropaleontology. OKLAHOMA: Atoka Co.; Bartlesville and Burbank shoe- 
strings. PERU: Ucayali River. TEXAS: Sulphur Bluff field. 


tNO. 2—144 pp. CALIFORNIA: Tejon Quadrangle. GENERAL: Economics; pore 
studies; time of petroleum formation; migration along faults. KANSAS and OKLA- 
HOMA: Bartlesville and Burbank sands. VENEZUELA: Anzoategui. 


{NO. 3—128 pp. AFRICA: Italian East. BRAZIL: Alagéas. GENERAL: Dip problems. 
MICHIGAN: Insoluble residues, Detroit River formation. NEW YORK and PENN- 
SYLVANIA: Hamilton group, subsurface. VIRGINIA: Gravity. 


{NO. 4—128 pp. KANSAS: Cunningham field. TEXAS: Custer formation; Spindletop 
field, Starr and Hidalgo Cos.; Rock Crossing, Wilbarger Co. 


{NO. 5—148 pp. CALIFORNIA: Southern structural type; magnetic iron sulphide, 
Ventura Basin. GENERAL: Magnetic polarity of cores; acidizing; salt domes, meteor- 
craters, cryptovolcanic structures. OKLAHOMA: South Burbank pool, Osage Co. 


{NO. 6—136 pp. GENERAL: Discovery rates; future of exvloration; temperature meas- 
urements; Prairie Bluff chalk and,.Owl Creek formation oi eastern Gulf region. ILL- 
INOIS: Illincis Basin. WYOMING: Sundance formation and related Jurassic. 


NO. 7—144 pp. GENERAL: Upper Cretaceous, Rocky Mountains; Gulf Coast crude; 
staining cuttings; connate water and oil. KANSAS: Cretaceous. NEW MEXICO: 
Permian of Pecos Valley. TEXAS: Pecos Valley; La Blanca, Hidalgo Co. 


TNO. 8—124 pp. REVIEW OF DEVELOPMENTS. 


NO. 9—140 pp. GENERAL: Barred basins; barometric surveying; geothermal gradi- 
ents. IOWA, MISSOURI: Burlington limestone. POLAND: Crude oils. 


*NO. 10—136 pp. CALIFORNIA: Santa Lucia Range and Salinas Valley; Pinnacles 
National Monument; Knoxville Mesozoic series. GENERAL: Rocky Mountains; sand 
analyses; X-ray crystal analysis. LOUISIANA: residues in rock salt. 


NO. 11—134 pp. ARKANSAS: Pennsylvanian. GENERAL: Evaluation of petroleum 
index of refraction; colorimetric determination of oil open-space replacements. KAN- 
SAS and OKLAHOMA: Source beds. RUSSIA: Urals. TEXAS: Laredo. 


NO. 12—129 pp. ARABIA: “Black Sea” conditions in Arabian Sea. KANSAS: Permian. 
NEW YORK: Oriskany. OKLAHOMA: Permian. PENNSYLVANIA: Oriskany. 
TEXAS: Sand Hills, Crane Co. 


1938 VOL. pp. 12 Nos. Paper. Each... ($1.00) 
WHOLE VOLUME: Bound in two parts: Clot... ($4.00) 


NO. 1—128 pp. EAST INDIES: Geology. ILLINOIS: Discoveries. KANSAS; Con- 
ference. MONTANA: Dry Creek and Golden, Carbon Co. NEW YORK: Medina and 
Trenton. OHIO: Monongahela-Dunkard, Washington Co. TEXAS: Lavaca Co. 


NO. 2—112 pp. CALIFORNIA: Santa Monica Bay. GENERAL: Repressuring; 
graptolites. LOUISIANA: Aragonite in salt-dome cap rocks. MICHIGAN: Mississip- 
pian gas sands. TEXAS: Aragonite. WEST VIRGINIA: Oriskany series. 


NO. 3—152 pp. ALABAMA: Cockfield and Gosport. GENERAL: Bighorn-Yellowstone 
Valley. KENTUCKY: Meade, Hardin, and Breckinridge Cos. LOUISIANA: Tepetate. 
MISSISSIPPI: Cockfield, Gosport. PENNSYLVANIA: Oriskany. 


NO. 4—124 pp. GENERAL: Appalachian field history; bibliography of structure maps 
and sections of oil states; folds in three dimensions. MICHIGAN: Oil and gas. 


NO. 5—116 pp. GENERAL: Future of geologist; Oriskany sandstone petrology; geologi- 
cal limitations to oil law. NEW MEXICO: New section of Trinity age. 


NO. 6—156 pp. REVIEW OF DEVELOPMENTS. 
NO. 7—164 pp. FLORIDA: Possibilities: GEORGIA: Coastal Plain. GENERAL: 
Atlantic Coastal Plain; accumulation; differential settling. MISSISSIPPI: Scanlan, 


Midway, salt dome, Lamar Co. MISSOURI: Cherokee formation. NEW JERSEY: 
Possibilities. OKLAHOMA: Ouachita Mountains. TEXAS: Permian basin. 


NO. 8—180 pp. ALABAMA: Tertiary. ARKANSAS: South. CALIFORNIA: Wilming- 
ton. COLORADO: Powder Wash. FLORIDA: Tertiary. GENERAL: oil law. MISSIS- 
SIPPI: Tertiary. AMERICA, RUSSIA: Permian. OKLAHOMA: deep well. TEXAS: 
Chapel Hill. WEST VIRGINIA: Development. 
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NO. 9—172 pp. ARABIA: Red Sea. CANADA: McMurray. GENERAL: oil reservoirs; 
geology 100 years ago; wildcats; secondary tilt; porosity; permeability; index deter- 
mination. LOUISIANA: Shreveport. TEXAS: Refugio, Segno Cleveland pools. VEN- 
EZUELA: central part. WEST VIRGINIA: Gas in Appalachians. 


NO. 10—168 pp. GENERAL: Spacing. KENTUCKY: Irvine; ‘“Corniferous’’ oil. 
LOUISIANA: Darrow dome. TEXAS: Barrila-Davis Mts. UTAH: Great Salt Lake. 


NO. 11—156 pp. GENERAL: East-central U. S. KANSAS: “Mississippi lime.”” LOU- 
ISIANA: Carterville-Sarepta, Shongaloo; Sugar Creek; Cotton Valley. OKLAHOMA: 
Jesse, Olympic pools. TEXAS: Nevarro Crossing; Cedar Point; Friendswood. 


NO. 12—118 pp. ALABAMA: Upper Cretaceous. GENERAL: Gulf and Western In- 
terior Upper Cretaceous. KENTUCKY: Rough Creek fault. LOUISIANA: Bellevue. 
MISSISSIPPI: Upper Cretaceous. OKLAHOMA: Ouachita deformation. 


1939 VOU; —1:922 12) Nos: Paper. Bach... ($1.00) 1.50 
WHOLE VOLUME: Bound in two parts, Cloth. ($4.00) 17.00 


NO. 1—120 pp. CALIFORNIA: Reef Ridge shale; Santa Maria Valley field. NE- 
BRASKA: Agate anticline. UTAH: “Park City” beds, Uinta Mts. 


NO. 2—160 pp. LOUISIANA: Vicksburg Oligocene fauna. OKLAHOMA: Keokuk pool. 
TEXAS: Coastal Plain, Harris Co.; heaving shale. UTAH: Washington Co. 


NO. 3—180 pp. LOUISIANA: Lisbon field. OKLAHOMA: Osage subseries. TEXAS: 
McFadden Beach salt dome. 


NO. 4—164 pp. CALIFORNIA: Ridge Basin. LOUISIANA: Barataria Bay sediments. 
MISSOURI: Bainbridge formation. MONTANA: Baker-Glendive anticline. OKLA- 
HOMA: Verden shoestring sand. TEXAS: Orange field; Oligocene salt erosion, Gulf 
Coast. U.S.S.R.: Salt domes. WYOMING: Wind River Canyon. 


NO. 5—140 pp. GENERAL: Two tilts. KANSAS: Greenwich pool. OKLAHOMA: 
Dora pool. PERU: Agua Caliente anticline. TEXAS: Travis Peak formation; Fairbanks 
and Satsuma fields. TURKEY: Southern. 


NO. 6—218 pp. REVIEW OF DEVELOPMENTS. 


NO. 7—180 pp. GENERAL: Rock units. KANSAS: Hugoton gas field. OKLAHOMA: 
Wichita Mts., Arbuckle asphaltic material. TEXAS: Panhandle gas field; Carlos 
structure and Ferguson Crossing dome, Grimes and Brazos Cos. 


NO. 8—124 pp. ARKANSAS: Basilosaurus. CALIFORNIA: Potrero Hills gas. . GEN- 
ERAL: Rocky Mtns.; black shale. KANSAS: Loess. LOUISIANA: Stream patterns. 
SOUTH DAKOTA: Pennington County. TEXAS: Ben Bolt and Magnolia City fields, 
Jim Wells Co.; Muralla field, Duval Co. VENEZUELA: Trinidad. 


NO. 9—148 pp. GENERAL: Isostatic layer; electrical well logging; gulf coast datum 
planes. ILLINOIS, INDIANA, KENTUCKY: Correlation of minable coals; Salem- 
field, Marion Co. MISSISSIPPI: Jackson Eocene from borings at Greenville. TEXAS: 
Basis of proration. 


NO. 10—164 pp. ALABAMA: Citronelle formation. CALIFORNIA: Wasco field, Kern 
Co. GENERAL: Microfilming of texts; Oligocene-Miocene boundary. ILLINOIS: Basin 
fields; Pennsylvanian correlation in coal basin; Cambrian inlier. NEW MEXICO: 
Salado formation, Permian basin. TEXAS: Goldsmith field, Ector Co.; Salado forma- 
tion. WYOMING: Wind River Canyon. 


NO. 11—148 pp. FLORIDA: Paleozoic? Everglades deep test. GENERAL: South At- 
iantic sediments; North American Permian; study group organization; criterion for 
marine and non-marine sediments. NEBRASKA: Permian subsurface. NEW MEXICO: 
Castile formation salt, potash, anhydrite. TEXAS: Gulf Coast sections; Amelia field, 
Jefferson Co.; Permian subsurface. 

NO. 12—172 pp. GENERAL: Rotary drilling time; Cincinnati arch; European journals 
and war. KANSAS: Permian redbeds. KENTUCKY: St. Peter problem; McClosky 
productive areas. LOUISIANA: Starks field, Calcasieu Parish. 


WHOLE VOLUME Bound it two parts, Clots... ss ($4.00) 17. 
NO. 1—208 pp. WEST TEXAS-NEW MEXICO SYMPOSIUM: Pre- Permian. 
NO. 2—200 pp. GENERAL: Permian and Carboniferous; economic aspects of pe- 


troleum industry; sedimentation; geophysical interpretation; Frio formation, Gulf 
Coast. ILLINOIS: Chester and Iowa series. SUMATRA: Oeloe Aer fault zone. 


NO. 3—208 pp. GENERAL: Gulf Coast Miocene; barium in Appalachian brines. LOU- 
ISIANA: Miocene; interior salt domes. OHIO: Secondary recovery. OKLAHOMA: Mor- 
row group, Adair Co. TEXAS: Apco structure, Pecos Co.: Sejita structure, Duval Co. 
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1935 


1936 
1936 


1936 


1937 


1938 


1939 


NO. 4—148 pp. ARKANSAS: Dorcheat pool, Columbia Co. AUSTRALIA: Permian 
heavy minerals. CALIFORNIA: Whittier Quadrangle, Kettleman Hills models; Paloma 
oil field, Kern Co. COLORADO: Permian. LOUISIANA: Sparta-Wilcox trend. MIN- 
NESOTA: Pre-Cambrian and Cambrian. OHIO: Paleozoic and pre-Cambrian, Delaware 
Co. OKLAHOMA: Osage, Washington, Nowata Cos.; deepest Mid-Continent well, 
Washita Co. TEXAS: Lissie and Beaumont formations, Gulf Coast; Sparta-Wilcox 
trend; shoreline process, Brazoria Co. 

NO. 5—188 pp. GENERAL: Mississippian, Eastern Interior basin; geochemical explora- 
tion. 

NO. 6—204 pp. RECENT DEVELOPMENTS. 

NO. 7—196 pp. CALIFORNIA: Rio Bravo field, Strand field, Kern Co. GENERAL: 
25th annual meeting addresses; geology and geophysics. TEXAS: Cretaceous ammo- 
noids. WYOMING: Oil-field waters. 

NO.8—176 pp. GENERAL: Exploration methods: geology, chemical engineering, petro- 
leum engineering, geophysics, geochemical prospecting; young graduates and field ex- 
perience; source of hydrogen; underground gas storage. IOWA: Wildcat well, Union Co. 
TEXAS: Henderson pool, Clay Co.; K.M.A. field, Wichita Co. 

NO. 9—176 pp. CANADA: Turner Valley Paleozoic limestone. CALIFORNIA: Bakers- 
field Eocene coal. COLOMBIA: Jurassic-Cretaceous. GENERAL: Radioactivity of sedi- 
mentary rocks; GULF COAST: Cook Mountain formation. NEW MEXICO: Caballos 
novaculite. TENNESSEE: Lower Ordovician sand zones (St. Peter). VENEZUELA: 
Jurassic-Cretaceous. WEST INDIES: Paleogene of Barbados. 

No. 10—pp. CALIFORNIA: 20 years of petroleum geology; Eocene Yokut sandstone 
near Coalinga. GENERAL: Applied paleontology. KANSAS: Gas pools; Hugoton field 
porosity, permeability. TEXAS: Saxet oil and gas field, Nueces Co.; Rogers pool and 
Bonita discovery, Montague Company. 

NO. 11—pp. CALIFORNIA: San Joaquin Valley Eocene foraminiferal correlation; Eo- 
cene exploration. GENERAL: Carbohydrates in formation of oil and coal; unconformi- 
ties and oil and gas accumulation. LOUISIANA: Downdip Wilcox Eocene. MICHI- 
GAN: Buckeye field, Gladwin Co. OKLAHOMA: Ramsey oil pool, Payne Co.; Billings 
field, Noble Co., and isostasy. TEXAS: Downdip Wilcox Eocene. WEST VIRGINIA: 
Devonian system. 

No. 12.—pp. GENERAL: Water cones and sheaths. LOUISIANA: Gulf Coast heavy- 
mineral zones. MICHIGAN: Isopachous studies, Ellsworth-Traverse limestones. 
OKLAHOMA: Structural inteipretation, gravity anomolies. TEXAS: Gulf Coast 
heavy-mineral zones; Hoffman field, Duval Co. TRINIDAD: Los Bajos fault. 


A.A.P.G. SPECIAL PUBLICATIONS 


Geology of Natural Gas. Symposium on occurrence and geology of natural gas in North 
America. By many authors, 1,227 pp., 250 illus. 6x 9 inches. Cloth. To members and 
Geology of the Tampico Region, Mexico. By John M. Muir. 280 pp., 15 half-tone plates, 
41 line drawings, 9 tables. 6 x 9 inches. Cloth. To members and associates, $3.50 .... .. 


Areal and Tectonic Map of Southern California. By R. D. Reed and J. S. Hollister. In 10 
colors. From ‘‘Structural Evolution of Southern California,” December, 1936, Bulletin. 
Scale, } inch=1 mile. Map and 4 structure sections on strong ledger paper, 27 x 31 
Comprehensive Index of 20 volumes of the Bulletin and all special publications of the 
Association (1917-1936). By Daisy Winifred Heath. 382 pp., 6.75 x 9.5 inches. Paper. 
To paid up members and associates, one copy 


Recent Marine Sediments. Symposium of 34 papers by 31 authors. Assembled by the 
committee on sedimentation, Division of Geology and Geography, National Research 
Council. 736 pp., 139 figs. 6x9 inches. Cloth. To members and associates, $4.00 


Prices postpaid. Write for discount to colleges and public libraries. 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 979, Tulsa, Oklahoma, U.S.A. 


$6.00 
4.50 


4.00 


5.00 


$ 
a Gulf Coast Oil Fields. Symposium on Gulf Coast Cenozoic. By 52 authors. Chiefly papers ‘ 
; reprinted from the Association Bulletin of 1933-1936 gathered into one book. xxii and 
1,070 pp., 292 figs., 19 half-tone pls. 6 x 9 inches. Cloth. To members and associates, 
-50 
3.00 
HI =Miocene Stratigraphy of California. By Robert M. Kleinpell. 450 pp., 14 line drawings, 
including a large correlation chart, 22 full-tone plates of foraminifera, 18 tables (check 
lists and a range chart of 15 pages). 6x9 inches. Cloth. To members and associates, 
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Let us Review Your Records 
on the 
Basis of our Record 


call 


With a G.S.I. review, areas surveyed and condemned may be made to 
‘live again,’ in the light of new interpretations . . . producing realities 
may develop from filed possibilities. . 

Our record review department operates with the same advanced tech- 
nique and knowledge that has established G.S.I.’s leadership. This 
leadership is based on the prediction of 137 producing fields throughout 
the world. The greatest number of successes attributed to any consult- 
ing company, by more than two for one. 


Review Service is not confined solely to rechecking old surveys. 


It is also available for checking current records and maps presented by 
other companies. The reasonable service cost is negligible when com- 
pared to the thousands that may be made or saved ... whatever the . 
answer. 


Write today for information on G.S.I.’s Record Review Service. 


GEOPHYSICAL SERVICE INC. 


Branch Offices: Miss. 
Los Angeles, Calif. @ Tulsa, Okla. 
DALLAS. TEXAS 


SEISMOGRAPH SURVEYS 
SOIL SURVEYS 


~ 
a 
\ \ N ~ 
a = 
4 
| 
J 
| 
4 : 
& 


Bulletin of The American Association of Petroleum Geologists, September, 1940 


DEEP ORILLING 


DEMANOS A CERTAINTY OF CORE 


You | 


Hughes Tool Co. 


HOUSTON, TEXAS 


can depend 
ona 
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